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This work was undertaken as the result of an article by SHAMEL 
(8), in which he stated that a box of hard ripe Bartlett pears were 
placed in a lemon storage room where the temperature ranged 
from 79 to 100° F., with an average of 83.5°, the relative hu- 
midity varying from 85 to 96 per cent, with an average relative 


humidity of 85.1 per cent. The pears were subjected to these 
conditions from August 4 to September 3, 1916. Even though 
surrounded by these comparatively high temperatures, the pears 
remained hard and green until the end of the experiment (a period 
of 30 days). Within 6 or 7 days after being removed the pears 
ripened normally and were excellent to eat. As a check, SHAMEL 
compared these pears with other lots which had been stored in a 
room of a dwelling, where no attempt was made to control the 
temperature or relative humidity, but where one would assume 
both these factors would be lower than in the lemon house. Pears 
from this family storage room were ripe within a week, by 
August to. 

SHAMEL states that the “condition of high relative humidity 
was a controlling factor in retarding the ripening of the pears.”’ 
He further states that “it is almost unbelievable that pears can 
be held for 30 days at the high temperatures recorded, without 
ripening or deteriorating.” SHAMEL’s observations seem startling 
when considered wholly from the viewpoint of experience in the 
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employment of cold storage and the utilization of low temperatures 
for the purpose of delaying the ripening of fruit. On the other 
hand, they seem to be in accord with certain observations which 
indicate that high temperatures, as well as low, may tend to retard 
the ripening process of fruit. In this connection the following 
observations of the writers are of interest. 

When certain varieties of plums and cherries, early in their 
development upon the trees, are inclosed in closely woven, black 
sateen cloth sacks, there is a delay of 4 or 5 days in the attainment 
of maturity, and a prolonging of the period of edibility from 5 to 
8 weeks after the crop of exposed fruits is normally harvested and 
eaten (7). At the time these data were presented, it was believed 
that light exclusion was the responsible factor; but in view of 
SHAMEL’S observations, it might have been high temperatures and 
high relative humidity in the area surrounding the fruits as a 
result of the covering of black sacks, the black cloth absorbing 
the heat rays and lessening the loss of moisture from the fruit. 
At least it is possible that the activity of the enzymes bringing 
about ripening was checked or partially inhibited. 

BI0LETTI (3) has noted that European varieties of Vitis vinifera L. 
do not ripen in parts of California precisely according to the theory 
of ANGoT (1), who states that the buds of the European grapevine 
commence activity when the mean daily temperature reaches 
g° C. From this point until the ripening of the grapes, the sum 
of the mean daily temperatures above 9° C. must reach 1130° C. 
for the earliest varieties, and 1520° C. for the latest. B1oLeTr1 
finds that under Californian conditions the actual dates of ripen- 
ing are from 2 to 4 weeks later than the time estimated by ANGoT, 
and that the greater delays in ripening are in the hotter localities. 
For example, in the Coachella Valley the seasonal sum of temperature 
above 9° C. from February to November is 5728° F. Accordingly, 
the grapes should ripen there from May 3 to May 23. Asa matter 
of fact, the earliest varieties ripen about May 15-30, and the 
latest about June 15-30. Burotetti thinks that in these hottest 
regions the temperature of maximum acceleration may be passed, 
and intimates that the temperatures may become so high that a 
retarding effect upon the ripening is exerted. 
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Pears in the Vaca Valley, near Vacaville, California, have 
behaved in a way to indicate that high temperature may retard 
ripening. Although the Vaca Valley is famous for its early fruits, 
especially cherries and apricots, it is a well established fact that 
Bartlett pears grown there are notably longer in reaching maturity 
than those from any other section of northern California, unless 
it be from the mountain sections where the seasons are very late 
in opening, owing to their high elevation. One of the writers" 
has often seen a full crop of immature Bartlett pears still hanging 
on the trees in this valley when practically the entire crop was 
gone from orchards in both coast and interior valley sections. 
In the spring the pear trees blossom comparatively early, as do 
the other fruits. The young pears develop normally until the hot 
summer weather predominates, when they apparently almost 
cease growth, or at least grow slowly until cooler fall weather 
comes. Then the pears seem to commence growth again, often 
increasing noticeably in size and ripening in the normal way. It 
should be noted, however, that while the summer temperatures in 


Vaca Valley are generally unusually high, the relative humidity 
is practically always comparatively low. 

In discussing SHAMEL’s interesting results and the results 
obtained by the writers, later recorded in this paper, WHITTEN, of 
the Division of Pomology, University of California, recalls observa- 


tions which apparently bear upon this subject. He comments as 
follows: 


During the summer of r1gor there prevailed in the Mississippi valley the 
most severe drought and the highest temperatures recorded for that section 
since the United States Weather Bureau was established. During that 
season pears remained firm on the trees much later than in normal years. In 
numerous instances varieties were exhibited at fall and winter fruit shows in 
Missouri, weeks later than the same varieties ordinarily keep for exhibition. 
Similar retardation, but to a less degree, of the development of pears, in the 
same section; has been observed to occur during occasional subsequent dry, 
hot summers. 

The casual explanation, usually offered at that time, was that the develop- 
ment of the pears was retarded by unfavorable conditions for growth, and that 


1 Observations made in Vaca Valley during the growing seasons since 1912 by 
TAYLOR. 
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this retarded development resulted in later ripening. The results of investiga- 
tions initiated by SHAMEL seem to justify the further interpretation that 
tardy ripening during unusually hot summers may have been due to the high 
temperatures opposing the ripening process. 

Clusters of grapes, included in sacks during their growing period, ripen 
later and keep decidedly longer than do similar grapes not protected by sacks. 
Their longer keeping has been regarded as being due to protection afforded 
by the sacks from injurious agencies. It is now possible to assume, however, 
that the higher temperature within the sack may account, in part at least, for 
both later ripening and longer keeping qualities. 


CARDINAL TEMPERATURES#—As is well known, certain cardinal 
or fundamental temperatures are recognized. “ Maximum”’ and 


TABLE I 








MINIMUM Optimum MAxImuM 





Cardinal temperatures for growth, ° C. 





37-44 
25-31 
31-37 
25-31 
25-31 





Cardinal temperatures for germination, ° C. 





34.0 46.2 
34.0 46.2 
34.0 46.2 
29.0 42.0 
29.0 37-5 














‘‘minimum” are terms used to refer to the highest and lowest 
temperatures at which the development of a particular organism 
may occur. The most favorable temperature for any process or 
function is designated the ‘‘optimum.” The optimum tempera- 
tures as a rule do not have a wide range. A variation of 5 or 6° 
one way or the other may be sufficient to have an appreciable 
effect upon the process or function involved. Furthermore, it is 
known that there may be separate maxima and minima for every 
process or activity or tissue of the plant. As shown in table I, 
HABERLANDT (6) gives a comparison of the relation of the different 
activities of a few plants to these cardinal temperatures. These 
figures are only suggestive, because the particular variety of the 
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same species and the other environmental factors would affect the 
cardinal temperatures. 

It would not necessarily follow that the best temperature for 
the greatest vegetative growth of pears, for example, would like- 
wise be the most favorable for fruit development, and this is 
generally recognized by growers. Furthermore, the most favorable 
temperature for the growth of the fruit on the tree may not be 
the optimum for continued ripening of the fruit after harvesting, 
with best flavor and resulting texture. 

INHIBITION AT HIGH TEMPERATURES.—The fact is well known 
that metabolism, enzyme action, and other processes or functions 
of the plant are to a certain point rapidly increased with a rise 
in temperature. BLACKMAN (4), however, has shown that the 
maximum activity, especially for respiration and photosynthesis, 
has commonly been placed too high, since proper consideration of 
the time factor has not always been given. Above a certain 
point it has also been clearly shown that high temperatures weaken 
and lessen general metabolic activities. 

From work done by BALLs (2) it is possible that the inhibition 
of growth at high temperatures during a considerable period of 
time may be the result of an accumulation in the cells of injurious 
metabolic products. Batts thinks that some of these deleterious 
products are produced at low temperatures, but under such con- 
ditions they are decomposed about as rapidly as formed. At high 
temperatures, however, production is more rapid than decomposi- 
tion, and accumulation takes place which results in the injury or 
inhibition of metabolism. 

GorE (5), using temperatures from 2° to 35.6° C., found the 
rate of respiration increased an average of 2.376 times for each 
10° C. rise in temperature for 49 sets of determinations, with 40 
different kinds of fruits. An interesting statement by Gore is 
that “with many fruits the activity has been found to decline 
when held at high temperatures.” 


Experiment 1 


In view of SHAMEL’s report and the degree to which it seemed 
to be substantiated by minor similar experiments and observations 
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of the writers, it was decided to conduct the following preliminary 
experiments. While SHAMEL believed it was the high relative 
humidity which was the controlling factor in retarding the ripening 
of the pears, nevertheless the factor of high temperatures was 
also present. Hence an experiment was outlined to endeavor to 
determine whether high temperatures, or humidity, or both were 
responsible. 


METHOD 


To obtain for the test what appeared to be the more important 
combinations of temperature and humidity, compartments were 
arranged as follows: (1) To maintain high temperature and high 
humidity a large drying oven, having a ventilation outlet at the 
top, was arranged with four shelves above two electric heaters. 
Between the heaters and the shelves were buckets of water with 
sacks and towels hanging into them to increase the evaporating 
surface. (2) For high temperature and low humidity a Freas 
electric oven was used with sufficient ventilation to maintain a 
comparatively low relative humidity, but sufficient heat to maintain 
a comparatively high temperature. (3) Two lockers were main- 
tained at room temperature, one with ordinary humidity of the 
room and the other with provision for maintaining a high relative 
humidity. (4) The cold storage room where a check lot of pears 
was kept, was maintained constant by means of a thermostat, so 
that the temperature was always between 30.5° F. and 32.8 F., 
with the relative humidity ranging from 67 and 73 per cent. 
Throughout the experiment, which continued for 21 days, one 
hygrothermograph was kept on the third shelf (next to the bottom 
shelf) in the large drying oven, and another in the locker with 
normal temperature and high humidity. These were both checked 
several times by wet and dry bulb psychrometer and tested mer- 
curial thermometers. 

Eight 5 lb. grape baskets were filled with Bartlett pears and 
placed at noon on September 2 in the various situations. Each 
lot was numbered and described as follows: 


Lot 1, top shelf (no. 1) of large oven; high temperature 85° F. and high 
humidity 1oo per cent. 
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Lot 2, next to top shelf (no. 2) of large oven; high temperature 88° F. 
and high humidity roo per cent. 

Lot 3, next to bottom shelf (no. 3) of large oven; high temperature 
94° F. and high humidity 91 per cent. 

Lot 4, bottom shelf (no. 4) of large oven; high temperature 104° F. and 
moderate humidity about 60 per cent. 

Lot 5,in small Freas electric oven; high temperature 95° F. and low 
humidity well below 50 per cent. 

Lot 6, ordinary locker in concrete building; room temperature 71° F. 
and room humidity about 60 per cent. 

Lot 7, ordinary locker in concrete building; room temperature 69° F. 
and high humidity 92 per cent. 

Lot 8, held in cold storage at between 30. 5° and 32.8° F. and a humidity 
ranging from 67 to 73 per cent. 


OBSERVATIONS ON TEMPERATURE AND HUMIDITY 
In addition to the continous hygrothermograph records made 


by lots 3 and 7, the writers made careful check readings on ther- 


mometers at intervals of 1 to 4 days apart. For reference, these 
are given in table IT. 


























TABLE II 
TEMPERATURE RECORDS DURING STORAGE TESTS 
Temperature of lots in °F. 
Date Time 
I 2 3 4 5 6 7 8t 

September 2...) rr:10A.M. | 85.5 | 80.5} 04.0] 106.0 ].......]......[...... 31.3 
3---| 3:00 P.M. 84.0 | 89.0 92.0 | 104.0 86.0 | 70.7 | 70.0 | 31.0 
6...] 9:45AM. | 83.2] 89.0] 95.2] 107.6 | 87.0] 69.2 | 68.0 | 32.8 
7...| Q:O00A.M. 84.5 | 90.0 ry dal es ae ee, ee 68.5 | 31.4 
Q..,.| 12:25 PM. | 88.5 | GO.0} 98.0) 359.7 ].... 202 69.2 | 67.5 | 30.5 
10...| 3:45 P.M. | 84.5 | 90.0] 95.7] 107.6] 96.8 | 70.0] 68.0] 32.7 
14...| 12:00 Noon | 84.0 | 87.0 92.2 | 100.8 97-7 | 72-7 | 7O:9 1. 38-4 
O.. <f TAUSG EM fic cc 85.5 | 93.0] 102.2 | 96.8 | 71.0 | 69.0] 31.7 
S05i21 2246 FE. bo52%5. 86.0 93.2 | 103.1 93-6 | 72.0 | 69.5 | 32.4 
90.0ct SELMER Poo cccibeccees SiO) SG.8 ) GAR ho. casckeeacss 32.8 
$65.1 WeaePse os ceccl sass MECOND SANG bys 'ic. sake css pakenewcuoaa 
$3...) PESSG OME o [oie ache seas. G2.0°) 66:4 | 168.9 Liss cc ckoweses 30.8 
Sch OOM Re les ccinbiexces 160.5 | 167.2 ¢ IGG foc sshewckan 30.7 
Average. .|........+... 84.9 | 87.7 | 93-9] 103.7] 95.0] 70.7 | 68.9] 31.7 
Maximum.,|............ 88.5 | 90.0 | 100.5 | 112.1 | 103.1 | 72.7 | 70.2 | 32.8 
Minimum. | TE Peet 83.2 | 85.5 77.0 77-0 | 86.0 | 69.2 | 67.5 | 30.5 


























* Electric current off from 11:45 A.M. to 5:40 P.M. only. 


t Temperature with lot 8 in cold storage remained quite uniform, rising to the maximum and dropping to 
the minimum with each run of the compressor about every 3 hours. 
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The records were made immediately on first opening the doors 
to the ovens or other compartments, two observers working to- 
gether. During the time observations were being made, the 
temperatures as well as the humidity dropped, but the hygrother- 
mograph charts show that under the high temperatures prevailing 
in the large oven, normal conditions were restored in 30 minutes 
to 2 hours as regards temperature, and in 1 to 2 hours as regards 
humidity. In the locker with lot 7, with air temperature normal, 


TABLE III 
HUMIDITY RECORDS DURING STORAGE TESTS 



































Percentage of relative humidity of lots 
Date Time 
I 2 3 7 8* 

September 2...] 11:10 A.M. 100 100 Seeded 69.0 
3...) 3:00PM. 100 ROO. Waianae 82.0 68.0 

6...| 9:45 A.M. 100 100 89.0 84.0 73.0 

7 9:00 A.M 100 100 88.0 92.0 69.0 

9 12:15 P.M. 100 100 82.5 96.0 67.0 

20...1 3245 PM. 100 100 83.0 gI.o 73.0 

14...| 12:00 Noon} 100 100 94.0 96.0 69.0 

16 SS22E PM. fo csscs 100 93.0 98.0 70.0 

19 oe ik Se) eee 100 89.0 97.0 72.0 

20 PISAG AMS. licncac sickle caecte HOODEO: iis cocsas 73.0 

21 See A ICY Cares E WOO. Wes cxvo/ersinin 68.0 

23 SMG AMs Lecce ss caafeevceden's Oe ae aera 68.0 
PN fc 2508S 6 5 ol 3 4 9:0" 100 100 90.7 Q1.7 70.0 
ae 100 100 100.0 98.0 73.0 
ee Ree ee 100 100 82.5 82.0 67.0 





(Hii } =o 
high humidity was restored in 4 to to hours after closing the door. 
In no case, however, did the humidity drop below 90 per cent and 
remain there for more than one hour. The slow rise from g5 to 
100 per cent, or to saturation, required the longest time. 

The observations on humidity are shown in table III. Lot 4 
ranged about 60 per cent humidity; lot 5 ranged well below 50 
per cent; and lot 6 ranged from 53 to 65 per cent humidity. Lots 
1 and 2 are indicated as having always been in a saturated at- 
mosphere. This was assumed from the fact that every time the 
door was opened to take readings, the walls, top, and bottom of 
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the shelves were covered with drops of precipitated moisture, 
and the wrapping paper surrounding the fruits was always moist. 
This was not generally true with lots 3 and 4. The condition of 
the fruit itself, as indicated by its wilting, should serve as a good 
indication of the relative humidity of the atmosphere surrounding 
the various lots. This will appear later. 


BEHAVIOR OF FRUIT 


In the beginning of the experiment all the pears were very 
similar in degree of ripeness, all being yellowish green and about 
one-fourth ripe, as indicated by color. Degree of ripeness may 
be described from two standpoints, namely, appearance, indicated 
largely by color, and condition, indicated by texture, juiciness, 
and flavor. It was possible to describe the former as a certain 
fraction ripe, and the fractions in table IV refer to ripeness in 
appearance only, unless otherwise noted. Additional statements 
cover condition. The pears in each lot were examined at approxi- 
mately 4-day intervals, and careful notes made as to appearance 
and condition. The somewhat abridged notes in table IV indicate 
the condition of the fruit as the experiment progressed. 

The experiment was continued beyond September 23, but on 
the 25th an accident in the regulation caused the temperatures 
to climb abnormally high in the box where nos. 1-4 were located. 
The result was that the pears in lots 3 and 4 were cooked brown, 
so that further observations were impossible. It was interesting 
to note, however, that lot 3 was cooked much more severely than 
lot 4. The temperature of lot 3 as compared with lot 4 was 
approximately 10° lower, while the relative humidity was about 
30 per cent higher. Just before this, one fruit each from lots 3 
and 4 were placed where lot 7 had been at room temperature and 
high humidity, to discover whether these fruits would ripen 
normally after removal from the high temperature. These fruits 
were observed and sampled on September 28. No. 3, although 
noticeably wilted on September 23, had by the 28th become 
apparently more plump, appearing almost normal. The fruit was 
full soft ripe; flesh rather tough; and flavor more acid than normal, 
with a faint trace of bitterness, although this may have been due 
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to the absorption of the odor from the cedar wood closets in which 
the fruit was held. At any rate, the ripe fruit was much poorer 
in quality than the Bartlett at its best when ripened at normal 
temperatures. No. 4 was still as wilted as before. Fruit was 
full ripe, but dry and tough. This fruit remained about as 
wilted as when first placed. The fruit was not soft, but as 
much so as it ever would be without being well past ripe. It was 
very inferior in flavor and quality, much the same as no. 3. 
Lot 8, which was held in cold storage throughout the progress 
of the experiment, showed almost no appreciable ripening, being 
practically as hard and unripe at the end of the month as at the 
beginning. 


DISCUSSION OF RESULTS 


The pears in lot 1, placed at a temperature averaging about 
85° F. and in a saturated humidity, were full ripe 8 days after being 
subjected to the conditions. A study of table IV shows that the 
pears in lot 2, placed at a temperature averaging 87.7°F. and in 
a saturated atmosphere, were full ripe about 13 days after being 
subjected to the conditions. Since the fruit was all in the same 
stage of maturity before the experiment started, this would show 
a delay of 5 days in ripening, which can only be accounted for by 
the fact that the temperature was about 3° higher. 

The pears in lots 6 and 7 were also full ripe 8 days after the 
experiment started. The temperature surrounding lots 6 and 7 
was practically the same in both cases, and averaged about 70° F. 
The difference in the conditions surrounding these two lots was in 
the humidity. The humidity in the compartment containing lot 6 
was fairly constant, about 60 per cent; the humidity surrounding 
lot 7 averaged about 92 per cent. The temperatures alike, the 
difference in humidity showed no effect upon the ripening. Fur- 
thermore, when compared with lot 1, the fruit ripened with ap- 
proximately the same rapidity at temperatures of 70 and 85°F. 
The pears in lot 3 remained firm unripe for 3 weeks after being 
subjected to a temperature averaging about 94° F. and a humidity 
of 91 per cent. This shows a delay of 13 days when compared 
with lots 1, 6, and 7. This apparently was due to the somewhat 
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greater temperature at which the pears were kept. The some- 
what lower humidity resulted in the pears wilting appreciably. 
The pears in lot 4 were hard unripe, or not quite as ripe as the fruit 
inlot 3. The temperature averaged about 104°F. and the humidity 
approximately 60 per cent. The higher temperature resulted in 
an appreciable delay in ripening when contrasted with lot 3, 
but the lower relative humidity caused considerable wilting. With 
the high temperatures some difficulty was experienced in maintain- 
ing as high humidity as was desired in the case of lots 3 and 4. 


INTERPRETATION OF RESULTS 


It is somewhat difficult to account for the surprising results 
obtained. The general idea has been that low temperatures only 
were of importance in preserving fruits for any period of time and 
in arresting the deteriorating processes. As contrasted with this, 
high temperatures were looked upon as extremely conducive to a 
hastening of the breakdown of the tissues and in shortening the 
keeping period of fruit. 

The delay in ripening might be assumed upon the basis of an 
accumulation of carbon dioxide, the assumption being that pos- 
sibly a comparatively large mass of fruit stored in a relatively 
small closed container, at high temperatures, would result in an 
abnormal amount of carbon dioxide surrounding the fruit. The 
writers, however, doubt whether there was any measurable ac- 
cumulation of carbon dioxide, since the capacity of the drying oven 
was relatively large for the amount of fruit contained therein. 
Furthermore, the ventilation pipe at the top permitted the warm 
air to be continually escaping. In addition, the oven was opened 
about every 3 days to make observations and add water to the 
evaporating pan. This would give a good aeration. The writers 
at first felt that the explanation might be that with certain low 
temperatures conditions result whereby not only katabolic activity 
or destructive metabolism but all metabolism is lessened or reduced 
to a minimum, On the other hand, with high temperatures and 
high relative humidity surrounding the fruit, conditions may be 
produced whereby the tissues are able, at least partially, to 
carry on anabolic activity or constructive metabolism, and hence 
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indirectly lessen the amount of rapidity of activity which would 
bring about deterioration. 

As a result of further work, however, it seems probable that 
within a given limit high temperatures may act in the same manner 
as do the low temperatures to which fruits are subjected in cold 
storage; that is, temperatures approaching certain limits in either 
extreme cause a reduction in the protoplasmic and enzymatic 
activities of the fruit, and this, depending upon the extent of the 
inhibition, delays to a greater or less degree the attainment of 
ripeness. As has been stated elsewhere, the experiments reported 
upon are of a very preliminary nature, and an effort is being made 
to repeat them. Furthermore, at such high temperatures for any 
long period of time the flavor might be affected so that the quality 
would be appreciably lowered. As a matter of fact, the flavor 
of the pears subjected to the higher temperatures was somewhat 
abnormal. A slight acidity was noticeable and a lack of the 
normal sweetish taste and juiciness was apparent. This can 
probably be accounted for by the fact that the comparatively 
high temperatures would be expected to increase the respiration. 
Carbohydrates are necessary for respiration, and are gradually 
used by this process; hence it follows that the sugar content 
would have been decreased. This decreasing of the sugar content 
would have made the normal acid content somewhat more notice- 
able, and, in addition, it is possible that intramolecular respiration 
may have been carried on to a certain extent, and this give rise 
to waste products that affect the flavor. 

A second drawback to the practicality of utilizing high temper- 
atures and high humidity in keeping fruits is the danger from rot. 
Under such an environment, conditions are very favorable for the 
growth of fungi or bacterial organisms which would bring about 
the decay of the fruit. While the experiments, therefore, show 
that temperatures ranging from 95 to 110° F., with the optimum 
at about 104 or,105° F., will delay or prolong the normal ripening 
process of Bartlett pears at least two weeks, when contrasted 
with fruit placed at average room temperatures of 70 to 80° F., 
the danger from rot and the development of abnormal flavors 
limit the practical use of these higher temperatures. 
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Experiment 2 


In the preceding experiment with the highest temperature 
used (104° F.) the Bartlett pears kept longest. The authors 
wished to ascertain whether temperatures higher than those 
employed in the first experiment would be more satisfactory. 
To determine this, and also to repeat in a measure the first experi- 
ment,.a second experiment was conducted. 


OBSERVATIONS ON TEMPERATURE AND HUMIDITY 


The method of procedure was just as outlined for the first 
experiment, except that the temperatures in the large drying 
oven were somewhat higher than was the case in experiment 1; 
that is, the top shelf (no. 1) had a temperature averaging 90° F. 
as contrasted with 85°F. in the first experiment; shelf no. 2 
averaged 99.2° F. instead of 88° F.; shelf no. 3 averaged 109° F. 
instead of 94° F.; and shelf no. 4 averaged 121.2° F. as compared 
with 104° F. The Freas oven averaged about 101° F.; while in 
the first experiment it was kept at about 95° F. The other temper- 
atures and the humidity were just about the same as for the first 
experiment. 

The experiment was begun on September 25, 1918. One set 
consisted of 5 lb. grape baskets filled with first crop Bartlett 
pears; a second set consisted of second crop Bartletts; and the 
third set was filled with Easter pears. One lot of each set was 
placed under each of the varying conditions. By an improved 
arrangement for maintaining a high humidity, it was possible to 
fill the water pan from outside without opening the door of the 
oven. Since the writers knew just about what to expect from the 
large oven as well as the other compartments, and since the hygro- 
thermographs were operated throughout this experiment as in the 
first one, it was not found necessary to open the door at frequent 
intervals to take readings. The hygrothermograph showed that 
the temperatures and humidity were quite uniform, in fact more 
so than in the first experiment because of better control, except 
on two occasions. The first was from noon, September 28, to noon, 
September 30. During this time the water pan was dry and the 
humidity dropped considerably below 50 per cent. At the same 
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time the temperature rose from 4 to 6° F. only above the tempera- 
tures indicated, as shown by the continuous record of the thermo- 
graph pen. The second was during the last 36 hours of the 
experiment, ending October 10, when the pan again went dry. The 
operation of the thermostat prevented any rise in temperature 
above the normal. In fact the thermostat was so closely adjusted 
that the variation in temperature at the hygrothermograph was only 
from 1 to 2° F. at any time except when the door was open. 

The variation in humidity was somewhat greater on the bottom 
or fourth shelf, although it was probably close to go* 5 per cent. 
On the first three shelves the humidity was too per cent throughout 
the experiment, except during the times indicated. Room tem- 
peratures and humidity were practically the same as in the first 
experiment, not more than 1° F., or 6 per cent difference between 
the maxima and minima. The high humidity at room tempera- 
ture was quite uniform, ranging from 94 to roo per cent, average 
96 per cent. The cold storage temperature and humidity were 
just the same as in the first experiment. 


BEHAVIOR OF FRUIT 


The first crop Bartlett pears were near the end of their life 
period when first subjected to the experimental conditions. As a 
result, 3 or 4 days after the experiment was begun nearly all the 
specimens were physiologically broken down, as indicated by the 
blackening of the skin, and the browning and extreme softening 
of the tissue. No data of value, therefore, concerning the effects 
of high temperatures upon keeping quality, were obtained with 
this lot of nearly ripe Bartlett pears. 

The second crop Bartlett and the Easter pears were green 
enough to show a response, with wide enough differences, depend- 
ing upon the temperature, to be of interest in substantiating the 
first experiment, and to determine the effects of temperatures 
higher than those employed in the first test. The details of these 
are given in tables V and VI. 

As indicated by the nearly ripe Bartlett pears, there is a point 
near the stage of complete maturity in ripening at which break- 
down may rapidly come about, regardless of the environment. 
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OF SECOND TEST, 








DATE OF EXAMINATION 








Lor No. TREATMENT 
September 28 October 3 October ro 
Sear High temperature | Only slightly | Firm, unripe, | Firm, no wilting, 
(90° F.), high hu- on than greenish yel- nearly yellow, 
midity (100 per when started low, extreme three-fourths 
cent) saturation colored, not 
developing yet ripe 
mold on fruits 
ee High temperature | Only slightly | Firm, unripe, | Firm, no wilting, 





(99.2° F.), high 
humidity (100 
per cent) 


High temperature 


(109° F.), high 
humidity (91 per 
cent) 


High temperature 


(272.2° FW). 
moderate hu- 
midity (7o per 
cent) 


High temperature 


(101° F.), low hu- 
midity (well be- 
low 50 per cent) 


Room temperature 


(71° F.), room hu- 
midity (60 per 
cent) 


Room temperature 


(69° F.), high hu- 
midity (96 per 
cent) 


Cold storage (32° 


F.), moderate hu- 
midity (70 per 
cent) 





riper than 
when started 


Only slightly 
riper than 
when started 


Slight browning 
of skin to one- 
third break- 
down 


Same as lot 3 


About the same 
as lot 1 


Same as lot 6 


Same as when 
test started 


supersatu- 
rated atmos- 
phere de- 
veloping mold 


Firm, unripe, 
greenish yel- 
low; 1 fruit 
slight brown- 
ing at stem 
end, others 
small brown 
rotten spots 


All chocolate 
colored 
throughout, 
cooked taste, 
quite firm 


Firm, unripe, 
greenish yel- 
low, same as 
lot 3 


Full ripe, almost 
at best eating 
condition, 
light yellow, 
slightly 
wilted 

Same as lot 6 


Same as when 
test started 








nearly yellow, 
not quite as 
ripe as lot 1 


Firm, no wilting, 
nearly yellow, 
not quite as 
ripe as lot 2; 
3 fruits slight 
breakdown at 
base, lacking 
in flavor, 
quality very 
poor 

All gone 


Firm, wilted, not 


ripe, same as 
lot 1* 
Soft ripe, full 


clear yellow, at 
or slightly past 
best eating, no 
wilting 


Same as lot 6 
Practically same 


as when test 
started 





*The second crop Bartlett pears of this lot was allowed to remain in the Freas oven until November 5 
On this date, nearly 6 weeks after the experiment was started, the fruit could be described as five-sixths 
colored, unripe, dry, rather badly shriveled, and somewhat insipid, but not displeasing in flavor. 
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DATE OF EXAMINATION 














(z01° F.), low hu- 
midity (well be- 


low 50 per cent) 





when first put 
in, no mold 


noticeably 
wilted 











Lor No. TREATMENT 
September 28 October 3 October 10 
1 = High temperature | Green, same as | Green, firm, un- | Firm, unripe, 
(90° F.), high hu- when first put ripe; half of lighter green 
midity (100 per in, some mold fruits largely than when 
cent) developing or completely put in 
rotted with 
Rhizopus and 
Penicillium 
mold 
a High temperature | Green, same as | Green, firm, un- | Firm, unripe, 
(99.2° F.), high | whenfirstput | ripe; half of | greenish 
humidity (100 in, some mold fruits largely yellow;  con- 
per cent) or completely siderable mold 
rotted with 
Rhizopus and 
Penicillium 
mold 
ae High temperature | Green, same as | Green, firm, un- | Completely 
(109° F.), high when first put ripe; only broken down, 
humidity (91 per in, no mold slight mold at and rotted 
cent) base of 2 with mold, 
fruits skin chocolate 
brown, flesh 
dirty white 
color 
. oe High temperature | Green, same as | All fruitsseemed |................ 
(t2z.2° E.), when first put cooked; skin 
moderate hu- in, no mold chocolate 
midity (7o per colored with 
cent) tissue soft and 
grayish white 
with flecks of 
brown  scat- 
tered through, 
considerable 
internal 
breakdown 
eee High temperature | Green, same as | Same as lot 3, | Unripe, light 


green with few 
small patches 
of yellowish 
green, very 
badly wilted 

















OVERHOLSER & TAYLOR—TEMPERATURES 


TABLE VI—Continued 














DATE OF EXAMINATION 
Lot No. TREATMENT 
September 28 October 3 October 10 
Gite. Room temperature | Green, same as | Green, firm, un- | Medium firm 
(71° F.), room when first put ripe, very ripe, yellowish 
humidity (60 per in, no mold sl ightly green, almost 
cent) wilted at best eating, 
somewhat 
wilicd 
7 ee Room temperature | Green, same as | Same as lot 6, | Firm ripe, light 
(69° F.), high hu- when first put but even less yellowish 
midity (06 per in, no mold wilted, practi- green, almost 
cent) cally plump as ripe as lot 6 
ee Cold storage (32° | Green, same as | Same as when | Same as_ when 
F.), moderate hu- | whenfirst put | put in put in 
midity (70 per in, no mold 
cent 

















This is true notwithstanding the fact that earlier in the period of 
ripening certain identical conditions, as contrasted with others, 
would appreciably arrest the ripening process. 

The results of experiment 2 indicate that for Bartlett pears 
a nearly continuous temperature of 104-110° F., and a relative 
humidity of 95-98 per cent, result in the most marked delay of 
the ripening process when high temperatures are the factor em- 
ployed. Temperatures above 110° F. result in a more rapid 
breakdown of the tissue than do any temperatures below. A 
temperature of 107° F. gives better results in delaying the ripening | 
than 110° F. When the moisture content of the surrounding air 
is so high that water is precipitated on the fruit, the pears do not 
keep nearly as well as when the relative humidity is just sufficiently 
low to prevent this. This second experiment shows rather con- 
clusively that within a certain limit high temperatures tend 
appreciably to delay the ripening of Bartlett and Easter pears. 
Excessively high humidity and these high temperatures, however, 
make conditions favorable for the infection and growth of fungi 
upon the pears. Low humidity and these high temperatures, of 
course, result in excessive wilting of the fruit. 
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Table V shows that the second crop Bartlett pears designated 
as lot 5 were of especial interest, in that they remained unripe 
_for a relatively longer period than any of the other lots. Lot 5 
was in the Freas oven at a temperature of 101° F. and surrounded 
by a relative humidity below 50 per cent until November 5. On 
this date, nearly 6 weeks after the beginning of the experiment, 
the pears were still unripe. When compared with fruits stored 
at room temperatures, this shows a delay in ripening of a little 
over 4 weeks. This lot also is of interest in that it indicates that 
it is a question of high temperature only, which causes the ripen- 
ing processes to be inhibited, and that high relative humidity has 
no marked influence, except to lessen the amount of wilting. 

The question arises why the fruit of lot 5 should keep longer than 
the fruit of lots 2 and 3, since the temperatures in each case were 
all comparatively high. The chief difference between these lots 
was the much lower relative humidity of lot 5, as contrasted with 
lots 2 and 3. It is probable that the greater desiccation or wilting 
of the pears of lot 5 did retard their ripening, but two other points 
should be mentioned. (1) When the relative humidity was high, 
much trouble was experienced from molds infecting the fruit and 
causing it to rot. There was no loss from rot in lot 5, due no 
doubt to the very low humidity. (2) The temperature of lot 3 
was no doubt too high, and it is probable that the temperature 
surrounding lot 2 was somewhat below the optimum temperature 
for the retardation of the ripening. 

Specimens from lot 5 were tested by Dr. J. RupIScH and the 

“senior author to determine if any enzymes were active. The 
tissue was treated with a tincture of guiac and gave no test for 
oxidase, either with or without the addition of hydrogen peroxide; 
neither could a test- for an organic peroxide be shown upon the 
addition of a solution of potassium iodide, weak acid, and starch 
solution,.as indicated by the liberation of free iodine and the 
consequent blueing of the starch solution. This might indicate 
that the higher temperatures had destroyed or inhibited the action 
of the ferments or enzymes normally present in the tissue of pears. 
This resulted in a checking of the ripening process with a con- 
sequent prolonging of the period in which the fruit could be kept. 
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Experiment 3 
EFFECTS OF HIGH TEMPERATURES UPON KEEPING APPLES 


Since Bartlett and Easter pears behaved in such an unexpected 
manner when subjected to temperatures of around 104°F., an 
endeavor was made to determine whether varieties of apples 
would behave in a similar manner. Yellow Newtown apples, 
which had previously been kept in cold storage at a temperature 
of 32° F., were subjected to high temperatures similar to the 
process in experiment 2. 

The experiment was begun on December 12, with a 5 lb. 
grape basket filled with apples subjected to each of the several 
conditions. The temperatures varied as follows: 32, 70, 85, 95, 
104, 110, and 120° F. The relative humidity was from go to 
98 per cent in each case, except that the temperatures of 70°F. 
and 104° F. were duplicated, the relative humidity in one instance 
being somewhat below 50 per cent and in the other varying from 
go to 98 per cent. The results of this experiment can be sum- 
marized briefly. The ripening of the apples was not delayed by 
the higher temperatures. The rapidity of ripening was directly 
proportional to the temperature, in that with the degrees tried 
the higher the temperature the more rapid the ripening. After 
2 weeks the fruit subjected to temperatures of 85° F. and above 
were all browned throughout and soft, tasting very much like 
baked apples. The fruit at 70° F., or room temperature, was 
yellow in color, ripe, and just about best for eating. The fruit at 
32° F. was still green and hard unripe. 


Practical applications 

The practical applications of the data presented are somewhat 
limited, but the facts may be of value some years and in certain 
sections in connection with the time of picking Bartlett pears. 
For example, as a rule during the hottest seasons the growers have 
felt a greater necessity for earlier picking than when the season 
is normal at the time of ripening. In view of the results obtained, 
it may really happen that the ripening of the pears is delayed by 
the excessively hot weather, and would mean that the fruit might 
well be allowed to remain on the trees longer than would be the 
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case in a normal season. This would be of especial value when 
fruit was being harvested and packed for eastern shipment. Pears 
are picked comparatively early in order to reach distant markets 
in good condition. While they should preferably not be allowed 
to ripen on the tree, to avoid the marked development of the grit 
cells, it might mean that in excessively hot years, contrary to 
expectations, the fruit could be left somewhat longer on the trees, 
and thereby develop a better flavor and quality. If all varieties 
of apples behave as do Yellow Newtown, high temperatures do 
not delay ripening. Instead, up to the point of tissue destruction 
by heat, the higher the temperature, the more rapid the ripening. 
This emphasizes the necessity of hurrying into low temperatures 
apples which are to be stored for any length of time. 


Summary 

1. When contrasted with temperatures between 70 and 85° F., 
temperatures of 87.7 to 110° F. caused an appreciable delay in 
the ripening of green first crop Bartlett pears. 

' 2, The retardation of ripening was directly proportional to 
the increased degree of heat within the limits of 87 and 104° F. 

3. The amount of delay in ripening of green first crop Bartlett 
pears of the different temperatures when contrasted with 70° F., 
or room temperature, was as follows: 85° F., no retardation; 
87.7°, 5 days; 94° F. and 104° F., 13 days. 

4. Second crop Bartlett pears, placed at a temperature of ro1° F. 
and surrounded by a relative humidity of below 50 per cent, 
remained unripe 4 weeks after similar pears had become fully ripe 
at room temperature and humidity. 

5. The relative humidity does not seem to be a significant 
factor in checking the ripening processes. Its effect is in lessening 
or permitting wilting, depending upon whether the relative humidity 
surrounding the fruit is high or low. 

6. The flavor of the pears subjected to those temperatures 
higher than 85° F. was not normal. There was a slight acidity, 
and the sweetish taste and juiciness were lacking. 

7. Temperatures above 110° F. result in a more rapid ripening 
and consequent breakdown of the tissue than do any of the lower 
temperatures, down to average room temperatures. 
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8. As would be expected, there was a comparatively large 
loss from rot with the fruit kept at high temperatures and sur- 
rounded by high relative humidity. 

9. A possible explanation of the effects of high temperatures 
may lie in the influence upon the enzymes. Temperatures 
approaching the probable minimum (around 28° F.) on the one 
hand, and the probable maximum (around 110° F.) on the other, 
might result in a reduction of enzymatic activities of the fruit and 
a consequent retardation of the ripening processes; while with the 
optimum temperatures (70-85° F.) the enzymatic activity would 
be most marked, and hence the ripening most rapid. 

10. If the Bartlett pears have nearly reached a stage of complete 
ripeness, the temperatures above 70° F. do not check the ripening 
process. On the other hand, the ripening and breakdown are more 
rapid with each appreciable rise in temperature. 

11. Unripe Easter pears behave in a manner comparable to 
the Bartlett when placed under similar conditions of high temper- 
atures and relative humidity. 

12. The process of ripening with Yellow Newtown apples is 
not delayed by temperatures above 32° F. The ripening takes 
place with increased rapidity with each appreciable rise in temper- 
ature above 32° F. This is true with temperatures up to a point 
which result in the disorganization of the protoplasmic contents 

' of the cells. 

13. The experiments suggest. that with an excessively hot 
season during the time of ripening, Bartlett and Easter and 
possibly other pears might be allowed to remain on the trees 
somewhat longer than with a normal season. 

14. For Yellow Newtown and no doubt other varieties of 
apples, which are to be stored any length of time, the necessity of 
quickly cooling after harvesting is emphasized. 


UNIVERSITY OF CALIFORNIA 
BERKELEY, CAL. 


LITERATURE CITED 


1. Ancot, A., Etudes sue les vendanges en France. Ann. Bureau Central 
Meteorlogique. 1883. 

2. Batts, W. L., Temperature and growth. Ann. Botany 22:557-592. _figs. 

Ir. 1918. 








2096 BOTANICAL GAZETTE [APRIL 


3- Brorettt, F. F., Viticulture on the Pacific Coast. Official Rep. Session 


4. 


5- 


6. 


Internal Congr. Viticul. P.P.I.E. San Francisco, California, July 12-13, 
1915. pp. 81-88. 

BLACKMAN, F. F., Optima and limiting factors. Ann. Botany 19: 281-295. 
figs. 2. 1905. 

Gore, H. C., Studies on fruit respiration. Bull. 142., Bur. Chem. U.S.D.A. 
IQII. 

HABERLANDT, F., Die oberen und unteren Temperaturgrenzen fiir die 
Kennung der wichtigeren Landw. Samereien Landw. Versuchsstation 
17:104-116. 1874. 


. OvERHOLSER, E. L., Color development and maturity of a few fruits as 


affected by light exclusion. Proc. Amer. Soc. Hort. Sci. pp. 73-85. 1917. 


. SHAMEL, A. D., Some observations upon the relation of humidity to the 


ripening and storage of fruits. Bull. Calif. State Commission of Hort. 
6: no. 2. 1917. 








DIAPHRAGMS OF WATER PLANTS 


II. EFFECT OF CERTAIN FACTORS UPON DEVELOPMENT OF 
AIR CHAMBERS AND DIAPHRAGMS 


LAETITIA M. SNowW 
(WITH THREE FIGURES) 


The experiments reported in this paper were started at Wellesley 
College in 1914-1915, and were continued at the University of 
Chicago during the winter of 1915-1916. It was intended to 
repeat the experiments and confirm the results, but as it has been 
impossible to do so, it seems better to report the work in its present 
incomplete condition than to delay its publication any longer. 
Thanks are due the Association of Collegiate Alumnae for the 
grant of the Alice Freeman Palmer Memorial Fellowship for 1915- 
1916, the Missouri Botanical Garden for the material of Scirpus 
validus which was collected and started at St. Louis, and the 
botanical staff of the University of Chicago for their cordial co- 
operation in placing the facilities of the laboratory at my disposal. 


Water 


As the general impression is that an increase in the water con- 
tent of the soil produces an increase in the amount of air-containing 
tissue, culms of Scirpus validus were allowed to grow alternately 
under water and in the air, in order to note the effect of the change 
upon the air spaces and diaphragms. 


EXPERIMENT I 


In order to be sure that the part studied actually grew under 
the desired condition, it was necessary to ascertain the region of 
growth of the stem. Consequently in 1914-1915 culms were 
marked in 2 mm. sections from the tip downward. In some cases 
the marks extended to the sheathing scale leaves at the base 
(called “to sheath”’ in table I); in others the sheath was stripped 
off and the marks carried down the stem to the rhizome (called 
“culm” in the table). DD 5 showed a discrepancy between the 
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millimeters of growth and the distance of the last mark from the 
ground. As it grew 33 mm. and the last mark was 38 mm. from 
the ground, the difference of 5 mm. might mean that three marks 
had disappeared. If the first was at the base, the stretching, in 
destroying these marks, could not have extended farther than 5 mm., 
as the last mark visible was clear cut and 2 mm. from the one next 
above it. The discrepancy was more likely to have been the 
result of faulty measurements. 











TABLE I 
REGION OF GROWTH IN Scirpus validus 
Pot Culm no. Marking Region of growth 

Bi saeieane eter I To sheath No growth 

BB chs ai gicis chensta/eer ore 2 To sheath Below top of sheath 
Mere geet eee 3 To sheath (?) | Below top of sheath 
Re eee doar 4 To sheath No growth 

Bier dp picieaeisiowac 3 To sheath (?) | No growth 

oe Gcrcenatws eas 4 To sheath Below top of sheath 
Si isa sce ase 4 Culm Below last mark 
Are ere 5 Culm Below last mark 
Se ee ae 4 To sheath Below top of sheath 
DOAD ecsisisais ocab a eae 2 To sheath No growth 

SR errr: 4 Culm Below last mark 
BOND se seatisdss-e #8 5 Culm Below last mark (?) 














EXPERIMENT 2 
In February 1915, 11 culms were marked, 6 to the top of the 
sheath and 5 on the stem to the base. After a period of growth 
all marks were clear cut, and showed no separation. This may 
mean that all growth took place below the last mark, or that some 
of the marks had disappeared. To test this, experiment 3 was 
started. 
EXPERIMENT 3 
In March 1915, 4 culms were marked to the base, as just 
described, and the number of marks counted. One culm did not 
grow. In the second culm, after one day, the lowest mark had 
disappeared; the second mark was 4 mm. from the base and was 
perfectly clear cut. The other marks had not changed. In the 
third culm, after 7 days, the first mark was at the base on a piece 
of sheath; the second was clear and 13 mm. above the base. 
In the fourth culm, after 7 days, the first mark was on a piece 
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of sheath; the second was clear and 4mm. from the base. The 
third culm was marked again, and by the next day the first mark 
had disappeared and the second mark was 4 mm. from the base. 
From these experiments it seems reasonable to conclude that the 
growth of Scirpus validus takes place within an extremely short 
distance of the base, possibly as short as 2 or 3 mm. 


EXPERIMENT 4 


_ While the foregoing experiments were in progress, others were 
started, to test the effect of the medium upon the growing region. 
Pieces of rhizome were potted, practically at the surface of the soil, 
and placed under water. When the culms were well grown, the 
water was allowed to evaporate until the surface of the soil was 
exposed to the air. When the water level had fallen to about an 




















TABLE II 
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inch below the surface of the soil, it was maintained at this height 
by regulating the amount of water in the surrounding vessel. 
This allowed the culms to grow in the air, while the roots had 
an abundant supply of water. All were grown under these con- 
ditions for a certain period, which differed for the different pots, 
after which they were again submerged. Careful measurements 
of the growth were made throughout the experiment, and at its 
close longitudinal sections were made in the regions which had 
grown under the different conditions, and measurements made 
of the distances between the diaphragms. The results are shown 
in the tables. 

EFFECT ON GROWTH.—From table IT it might be concluded that 
a change from water to air retards growth, and the reverse change 
accelerates it. Two 
facts, however, must be 
noted: (1) in some cases 
in the same pot one 
culm was growing faster 
after the change, while 
another was growing 
more slowly; and (2) the 
temperature was not 
controlled. ‘Toward the 
latter part of the experi- 
ment an effort was made 
to keep a record of the 
variation in tempera- 
ture. A recording ther- 
Cine. 28 : - a s  mometer was not avail- 


Culms retard.11 € 19 4 11 1. ~=— able, consequently four 

Fic. 1.—Effect of temperature and surrounding thermometers were hung 
medium upon growth of culms of Scirpus validus. e vale 

at different points 


among the plants and an average taken. As the greenhouse was 
supposed to be between 60-70° F., the readings were taken about 
2:00 P.M. each day, merely to note any marked change in tem- 
perature. It was found, however, that the variation was too great 
and the readings too far apart to make the data of any value 
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except to show that the change from air to water was accompanied 
by a marked rise in temperature (fig. 1). This experiment indi- 
cates that water may not be as important a factor in the growth 
of Scirpus validus as temperature. This is probable because the 
growing region is protected from the surrounding medium by a 
very closely fitting sheath of scale leaves. 

EFFECT UPON DISTANCE BETWEEN DIAPHRAGMS.—The distance 
was measured between many diaphragms and the average taken. 
As it was found that the diaphragm distance varied with the 
distance from the tip, the culms were divided into decimeter 
sections, so that the measurements taken in corresponding sec- 
tions of the different culms, and in different sections of the same 
culm, might be compared. 

TABLE III 


DISTANCES IN MM. BETWEEN DIAPHRAGMS OF Scirpus validus GROWN IN 
WATER AND IN AIR 








o-1 dm. 1-2 dm. 2-3 dm. 3-4 dm. 4-5 dm. 
from tip from tip from tip from tip from tip 


























* Two chambers in same section, t May extend over decimeter boundaries. 


In table III the heavy type indicates parts grown in water, 
and the remaining figures indicate those grown in air. Read 
horizontally, the variation in a single culm, from tip to base, may 
be seen. Read vertically, the variations in the same region of the 
different culms are shown. As it was impracticable, from the data 
at hand, to calculate the rates of growth for the decimeter regions, it 
was not possible in this experiment to correlate the rate of growth 
with the distance between diaphragms. 


EXPERIMENT 5 


It was shown in experiment 4 that temperature control was 
very necessary; therefore in April 1916 experiment 5 was set up 


. 
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in the greenhouse of the University of Chicago, using plants from 
the material started at the Missouri Botanical Garden in the fall. 


TABLE IV 


VARIATIONS IN RATE OF GROWTH AND STRUCTURE OF CULMS OF Scirpus validus 
UNDER DIFFERENT CONDITIONS OF MOISTURE AND HEAT 








Point at 
which Distance 


. Region change ¥ Layers | between 
Culm no. = occurred in walls i 

Pp (mm. 
from tip) 





Water 


Water 


TO§~135 
160-182. . 
200-240*. 


260-290"....]..b..... 


310-350 








12§-175..... 
300-350 
400-450*.... 
515-565 
| 5! : Bey Water 


Water 


Too-150*.... 
































* Not observed for a period of 4 days. + Distance between diaphragms in mm. 
$ “Many” indicates a number of fairly equal-sized spaces in contrast with 4 large spaces and several small 


ones. 
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The thermostats were kindly loaned by the Chemistry Depart- 
ment, and were regulated by Captain de Klotinski. The higher 
temperature vessel was kept within a degree of 35° C. for two weeks, 
and for the remainder of the experiment practically at 31°C. In 
the low temperature vessel a coil of pipe, carrying a stream of 
cold water, kept the temperature close to 15° C. for the first two 
weeks, and for the rest of the time about 16°C. The temperature 
in this vessel was not quite so constant as in the higher temperature 
thermostat, because of the varying water pressure. A third set 
of plants was allowed to grow without temperature control. When 
the change to air was made, the pots were transferred to beakers 


TABLE V 


RELATION BETWEEN RATE OF GROWTH AND DISTANCE BETWEEN DIAPHRAGMS IN 
Scirpus validus 




















Change Culm no. Rate Distance 

' E2 Decreased Increased 

Wate Ob Oils i arincincutenens B4 Decreased Increased 
DD 3 Decreased Increased 

. fAA3 Increased Increased 
IOUS WEEE isesndsa weeetneeee DD 3 Seana Hicotenell 
Low to high temperature.......... AA3 Increased Decreased 
E 3 Increased Decreased 

Sid. 46 tee Gein B4 Decreased Increased 
oo ee ee ae DD 7 Decreased Increased 

8 Decreased Increased 





sunken to the rim in the water of the thermostats. Water was 
poured into the beakers to within an inch of the surface of the 
soil. The tops were covered with two pieces of glass, allowing the 
culms to project between them, and the crack was plugged with 
cotton wool. Close observation showed the temperature in the 
beakers to be practically the same as that of the water outside. 
Measurements were taken every 24 hours, and the rate of growth 
given for a region was usually the average for several days, thus 
eliminating the questioned stimulating effect of the change (r1, 9, 
10, 14). At the end of the experiment longitudinal and cross 
sections were made in the regions grown under the different condi- 
tions. The cross-sections were usually made at one end of a region 
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and the rest cut longitudinally, and therefore the results given 
in table IV are obviously not for exactly the same spot. 

The number of changes was insufficient for reliable conclusions; 
also it must be remembered that under normal conditions there 
is a general tendency for the distance between diaphragms to 
increase from tip to base (see also B 3). Certain indications, 
however, are summarized in table V. 


DISCUSSION AND CONCLUSION 


GRrowTH.—Region.—So far I have found no reference to the 
region of growth in the stem of Scirpus. PFEFFER (10) refers to 
the basal region of growth in the leaves of Canna and Tulipa and 
in the internodes of grasses, and states that the “length of the zone 
is always small.” He also mentions the careful protection of this 
zone. The same statements may be made for the zone of growth 
in the Scirpus stem; the extreme narrowness of the . , however, 
is rather surprising. Growth in diameter was not studied. 

Raie.—The results of the experiments were not perfectly har- 
monious; but in general there seemed to be a tendency toward an 
increase in rate with a change from air to water, and a decrease 
with the reverse change. It seems probable, however, that temper- 
ature was a more important factor than water. 

DIAPHRAGM DISTANCE.—From a study of table III it is evident 
that the variation between culms growing under the same condi- 
tions was greater than that between culms growing under differ- 
ent conditions of air and water, thus eliminating water as a direct 
factor in determining the distance between diaphragms. Its indi- 
rect effect was studied in experiment 5, and although the data were 
too scanty for positive statements, certain facts are rather signifi- 
cant. As there is a normal tendency for the diaphragm distance to 
increase from tip to base, the cases of increase after a change in 
environment may not be significant. Two cases of decrease 
occurred, however; one accompanying a change from high to low 
temperature, and the other following the reverse change. This 
would eliminate the temperature change as the direct factor. 
The fact that both of the cases of decrease in distance were associ- 
ated with an increased growth rate is the important point. Also, 
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of the 29 cases of a change in rate of growth and diaphragm distance 
shown in table IV, 19 (64 per cent) showed an inverse relation 
between the two; 9 (24 per cent) showed a direct relation; and in 
3 cases (10 per cent) an equal distance went with an increased rate. 
When we remember that the normal tendency is to increase the 
distance from tip to base, these last three cases really show an 
inverse relation which, added to the 19 preceding, make 22 (75 per 
cent) which show an inverse relation. Of these, 14 (49 per cent 
of total) show an increase downward, which coincides with the 
normal tendency, while 8 (27 per cent of total) show a decrease 
downward in opposition to the normal tendency, and therefore 
the more significant. ‘These confirm the indication shown by the 
49 per cent, and tend to establish an inverse relation between rate 
of growth and distance between diaphragms. 

This is not what one would expect if the distance between dia- 
phragms is considered to be brought about by the excessive growth, 
or stretciulg, of the intervening tissues. It is what one would 
expect, however, if, as was suggested in a former paper (13), dia- 
phragms are due to certain cells retaining their power of division 
and growth, while those above and below them lose this power 
and are drawn out into arachnoid cells by the growth of the sur- 
rounding tissues; and also if the formative activities show a 
gradient from beginning to end of the growth of the stem. This 
suggests several interesting questions. Is there such a formative 
gradient? Would the respiration test show a gradual decline in 
metabolic changes, or would it follow the growth curve? Is it 
possible that, in averaging the diaphragm distances in a region, a 
shortening, corresponding to the rise in the growth curve, was over- 
looked ? Is the peak of the growth curve due wholly to a stretching 
period? If so, would this stretching counterbalance the tendency 
to shorten the diaphragm distance with the rise in the growth curve ? 

AIR CHAMBERS.—Scirpus validus appears to start with four 
large chambers and a number of small ones. As the culm grows, 
the small ones increase in size, until many nearly equal-sized 
spaces are the result. The different culms may pass through these 
stages at different rates; therefore the same regions cannot be 
compared. Only two cases were noted in which a rather rapid 
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increase in the number of spaces occurred; in one, following a 
change from air to water, there was a marked increase within a 
distance of 15 mm.; in the other a noticeable increase occurred 
within 9 mm., following a change from low to high temperature. 
From these experiments there is no clear evidence that either water, 
temperature, or rate of growth has any effect upon the number or 
size of chambers produced. 

PARTITIONS BETWEEN AIR CHAMBERS AND OUTER WALL OF STEM. 
—The changes in environment used in these experiments appear 
to have no effect upon the regular course of development of the 
partitions, which seems to be an increase in the number of layers 
from one to three. No observable difference could be noted in the 
outer wall of the stems. 

PALISADE LAYERS.—The curious banding, which is sometimes 
seen in Scirpus, occurred in experiment 5. The albescent spaces 
and the basal region contained no palisades. The dark green 
portions contained two layers of palisades, and the pale green 
spaces one layer, or two with only part of the cells chlorophyllous. 
The environmental changes in the experiment seem to have no 
effect upon the development of palisades, and cannot be held 
responsible for the banded appearance. 


Reduced atmospheric pressure 


EXPERIMENTS 


During February 1916 a series of experiments was started in 
the temperate house of the University of Chicago, to test the 
effect of low atmospheric pressure upon the air chambers of water 
plants. The apparatus is shown in fig. 2 and described in the 
legend. The temperature of the house was, controlled by the 
general heating system, and a recording thermometer showed a 
variation of a degree about 20-21°C. The barometric pressure 
was obtained in experiment 1 from the records of a government in- 
strument outside the greenhouse, and the figures were reduced to 
metric readings at 21°C. In experiments 2 and 3 the pressure read- 
ings were obtained from the barometer in the Botany Building, and 
corrected for temperature only. The pressure in the experimental 
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jar was read on the manometer. It varied somewhat on account 
of the variation in the flow of the city water supply used to produce 
the suction. Plants of Scirpus validus, selected from those started 
in St. Louis, and Cyperus alternifolius (?), already growing in the 
greenhouse, were used. 


EXPERIMENT I 


This extended February 4-14. The pressure varied between 
10 and 20 mm. of mercury. This pressure was chosen because air 
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Fic. 2.—Apparatus to test effect of low atmospheric pressure: bell-jar 1, control; 
bell-jar 2, experiment; under each jar a pan of water containing pots of Scirpus; 
air entering at I and also around bottom of 1 (not sealed as was 2) passed out of 1 into 
flask where narrowed tube retarded flow and bubbles indicated rapidity of passage; 
in 2 air entered at bottom and escaped at top, thence through two catch bottles to 
pump operated by city water supply; m, manometer; w, tube for watering 2. 


at 20 mm. pressure contains about as much oxygen as is dissolved 
in water (8). Cyperus would not grow at this pressure, and 
Scirpus alone was used. The culms were measured twice a day, 
and, after the close of the experiment, longitudinal and cross sections 
were made and measurements taken as in the previous experiments. 
Culms nos. 1 and 2 belonged to the control plant, nos. 3 and 4 to 
the. experimental plant. Fig. 3 and tables VI and VII give the 
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TABLE VI 


results obtained. In fig. 3 the peak in the pressure curve at 
5:30 (February 7) was due to the fact that the pinch-cocks were 
left open for a short time during watering. The second peak 


GROWTH AND STRUCTURE OF Scirpus validus: CULMS I AND 2 GROWN AT ATMOSPHERIC 


PRESSURE; CULMS 3 AND 4 GROWN AT 10-20 MM. PRESSURE 
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TABLE VII 


’ DIAPHRAGM DISTANCE IN MM. 







INCREASE 








Region No. 4 over no. 2 No. 3 over no. 2 
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cannot be definitely accounted for by the data at hand. It is 
very probable that in these two cases, as well as in two others, 
an adjustment was made at once, but there are no records of the 
fact, such as occur later. The dotted line, therefore, is probably 
the more correct one. 
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EXPERIMENT 2 


This experiment extended February 14-28. It was set up in 
the same apparatus as was experiment 1; the pressure, however, 
started at 35 mm. and varied between 20 and 40 mm. of mercury. 
Cyperus would not grow at this pressure; consequently the results 


th in mm. eer hour 
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Fic. 3.—Growth curves: solid line, no. 2; dotted line, no. 3; broken line, no. 4; 
curves 2 and 3 cease when culms reached top of jar. 


are given for Scirpus only. The quantity of air passing through the 
jars was measured and found to be about 1500-2100 cc. per hour. 
At times it exceeded this amount, but the flow was kept fairly con- 
stant. The experimental culms were nos. 3 and 4, and the con- 
trols nos. 1 and 2. Tables VIII and IX give the results. 
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TABLE VIII 


GROWTH AND STRUCTURE OF Scirpus validus: CULMS I AND 2 GROWN AT ATMOSPHERIC 
PRESSURE; CULMS 3 AND 4 GROWN AT 20-40 MM. PRESSURE 





























WALLs IN MM. SPACES 
Cutm No.| REGION DIAMETER peony cages 

Outer Inner Large Small — HOUR) 
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* Culm 2 grew 110 mm., before the experiment, under practically the same conditions as the control ; 
the measurements are used with this fact in mind. 


TABLE IX 
INCREASE IN DIAPHRAGM DISTANCE IN MM. 








Region No. 3 over no. 1} No. 3 over no. 2} No. 4 over no. 2 








POI. dice ees e das 0.54 2.085 3.015 
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SS ee 0.66 0.950 1.150 
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EXPERIMENT 3 


This experiment was set up on February 28 under the same 
conditions as experiments 1 and 2, except for the pressure, which 
was kept between 60 and 80mm. of mercury. The experiment 
was discontinued on March 4 because the culms had reached the 
top of the jars. At the end of the experiment the manometer 
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showed a trace of moisture, and was found, upon being tested with 
the air pump, to register 2mm. too low. As the variation in 
pressure had been 20 mm., it was not thought necessary to correct 


TABLE X 


GROWTH AND STRUCTURE OF Scirpus validus: CULM I GROWN UNDER ATMOSPHERIC 
PRESSURE; CULM 2 GROWN UNDER 60-80 MM. PRESSURE 
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Cutm NO.| REGION IN MM DISTANCE | (MM. PER 
Outer Inner Large Small IN MM. HOUR) 
eee 95-135 | 1.85 0.130 | 0.058 7 17 2.50 0.62 
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Boe 135-173 | 1.86 0.133 | 0.065] 12 12 2.41 0.80 
Poa ses 135-173 1.95 0.135 0.082 7 15 2.29 0.89 











TABLE XI 


INCREASE IN DIAPHRAGM DISTANCE IN MM. 











Region No. 1 over no. 2 
30- 59° 0.39 
95-135 0.19 
135-173 0.12 








* Before the experiment. 


TABLE XII 


DIAPHRAGM DISTANCE AND RATE OF GROWTH OF Scirpus validus 
UNDER REDUCED ATMOSPHERIC PRESSURE 











Average distance . * 
Experiment no. Culm no. between diaphragms eco 
in mm. 

ese Ree 2.96* 1.02* 
Be iiwickeoaee :, eee 4.76 0.43 
, Teen 3.96 0.32 
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Reo sG ake 3.18 0.44 

* a * — 
re ieee er eee 2.46 0.70 
eavecnets 2.33 0.68 














* Control culms grown under greenhouse conditions. 


for this error. On the average 5 liters of air passed through the 
apparatus per hour. Culm 1 was the control and culm 2 the 
experimental one. Tables X, XI, and XII give the results. 
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Experiment 3 consisted of only two culms; therefore the dis- 
agreement found in the other experiments between the culms in 
the same pot is not noticed here. 


DISCUSSION AND CONCLUSIONS 


ATMOSPHERIC PRESSURE AND GROWTH.—Much work, with con- 
flicting results, has been done upon the effect of varying degrees 
of atmospheric pressure upon growth. There is a rather general 
agreement that a certain decrease in pressure accelerates growth, 
but a difference of opinion as to whether this is due directly to 
diminished pressure or to a decrease in the partial pressure of the 
oxygen (8, 11, 15), also whether increased growth in water is due 
to decreased oxygen pressure or to some other factor. 

Low pressure (10-20 mm. in experiment 1) seemed to have a 
general depressing effect upon growth in Scirpus, as will be seen 
in fig. 3 and table XII. The curve shows that this effect was not 
constant, however, and that growth did not follow the variations 
in pressure. In general there is greater growth in both control and 
experiment during the day. The graphs for experiments 2 and 3 
show this last point somewhat more clearly, and also show the 
closer agreement of the two curves as the pressure in the experiment 
was increased, but they are not sufficiently striking to merit inclu- 
sion in this report. The power to grow fairly well with such a 
small supply of oxygen evidently enables Scirpus to grow in very 
poorly aerated situations. 

DIAPHRAGM DISTANCE.—I{ low atmospheric pressure had any 
effect upon distance between diaphragms, there would be a pro- 
gressive increase, or decrease, in the experimental culms as com- 
pared with the control, because there is a normal tendency to 
increase the distance from tip to base. Tables VII and IX show 
that, while the experimental culms had a greater diaphragm 
distance throughout than the control, this did not increase pro- 
gressively, but varied in the different regions. In experiment 3, 
however, the results were different. Before the experiment the 
control had the greater diaphragm distance (1.61-1.22 mm.). 
This persisted, but in a diminishing amount (table XI), which really 
means a progressive increase in the experimental culm. It is 
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possible that the greater diaphragm distance found in the experi- 
mental culms may have been due only indirectly to decreased 
pressure, through its effect upon growth. In every instance 
(except region 95-135, experiment 3) an increase in the diaphragm 
distance was correlated with decreased growth rate. This agrees 
with the results reported earlier in this paper. 

NUMBER OF AIR CHAMBERS.—In reviewing the literature one 
finds a rather general opinion that air spaces increase with the 
amount of water in the substratum (2, 3, 7, 10, 12, 16). Recent 
work by Fotsom (6) on Ranunculus, however, has shown that 
while the aerenchyma of the stem varied directly with the amount 
of water in the soil, that of the root showed no such constant 
relation, and in some cases even varied inversely. Various func- 
tions have been attributed to the air-containing tissue by different 
authors. Some consider it as “floating tissue” (2, 9, 10), while 
others consider it a means of oxygen supply, giving a lack of oxygen 
as its direct cause (7, 10, 12). On the other hand, WIELER thinks 
it has no function, and attributes its formation to the direct stimulus 
of water contact. Drvaux (5) thinks that the hypertrophy of 
lenticels found in water and moist air is due to a checking of the 
transpiration, a factor which apparently has not been tested in 
connection with the formation of air spaces, although suggested 
some time ago by CowLEs (4). 

If low oxygen pressure is the cause of increased air spaces, it is 
rather strange that in Fotsom’s experiments the roots, which 
under any condition are farther from the oxygen supply than the 
stem, should show either inconstant increase or a positive decrease 
in aerenchyma with increase in water content of the soil. In 
experiment 3 there was a small increase in the total number of 
air chambers in the experimental culm, at the same time that the 
control remained the same. On the other hand, experiments 1 
and 2 give evidence of a greater variation in total number of spaces 
and in their uniformity in size between the culms under like condi- 
tions than between the experiment and the control. Contrary to 
expectation, therefore, low atmospheric pressure appears to have 
no effect upon these two characters in Scirpus. 
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INNER AND OUTER WALLS.—The records show a close similarity 
in the width of the outer solid tissue of the culms of the control 
and of the experiment. This is also true for the partitions between 
the chambers. 

PALISADES.—In experiment 1, one control culm developed one 
layer of palisades and the other two; while in experiment 2 the 
same thing occurred in the experimental culms. In the third 
experiment both culms had two layers. Atmospheric pressure 
seems therefore to have no effect upon palisade tissue. 


EXPERIMENT 4 


This experiment extended from April 11 to May to. The 
apparatus used was the same as in the previous experiments, 
except that a tube dipping into a dish of mercury was used to 
indicate the pressure instead of the regular manometer. Cyperus 
alternifolius (?) was used in this and the following experiment 
instead of Scirpus. The time was divided into five periods, dur- 
ing which an effort was made to keep the pressure at 1/6 
atm. (130+mm.), 1/3 atm. (250+mm.), 1/2 atm. (380+ mm.), 
3/4atm. (570+ mm.), and 5/6atm. (630+ mm.) respectively. 
The pressure varied very greatly, probably because the city water 
supply varied more at this time than earlier in the year. Culms 1, 
2,6, 7, and 8 were the control, and nos. 3, 4, 5, and g the experi- 
mental culms. Nos. 1, 2; 3, and 4 started before the experiment 
and were not used in the comparison. Culms 3 and 4 when 
placed at 1/6 atm. grew very little and ceased growth in 3-4 days. 
At the end of a week the pressure was raised to 1/3 atm., but with- 
out effect upon these culms. Toward the end of this period no. 5 
started to grow slowly. At the same time no. 6 started in the 
control. With the rise to 1/2 atm. no. 5 grew better, but still kept 
behind no. 6. The rates approached each other very closely when 
the pressure rose to 3/4 atm. During this period no. 7 began to 
grow in the control, and as it followed very closely the growth curve 
of no. 6 (which had grown very tall) it was used for comparison 
with no. 5. At 5/6 atm. no. 7 still maintained a higher rate than 
no. 5, which by this time had about reached the limit of its growth. 
About the middle of this period no. 8 started in the control, and no. 9 
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in the experiment, and the graphs for nos. 7, 8, and 9g are so nearly 
alike that it is evident that this amount of pressure has the same 
effect on the growth of Cyperus as full atmospheric pressure. 

After the experiment was over, cross-sections were made at the 
same distances from the top in the two sets of culms, but no evi- 
dence that diminished pressure had any effect upon the air spaces 
could be observed. 


EXPERIMENT 5 


This experiment was set up May 10, using the same apparatus 
as in the last experiment. The pressure was kept for 3 days at 
about 1/2 atm. (380+ mm.) and for 2 weeks at about 7/10 atm. 
(530+ mm.), after which it varied around 1/3 atm. (250+ mm.) 
for 6 days. Growth was not measured, but after May 31 cross- 
sections were made. A careful study of these show that at 30 mm. 
from the base the experimental culm was a little more lacunose 
than the control, at 50 mm. still more so, but at 70 mm. it showed 
less difference. At 95 mm. the experimental culm ended in the 
usual tuft of leaves, while the control grew much higher, and at 
95 mm. showed a structure exactly like that of the experimental 
culm at 50 or 70mm. The shorter culm evidently had not differ- 
entiated as much as the longer one, and the difference in the 
sections was therefore only apparent and not due to the effect of 
diminished pressure. 

From these two experiments one must conclude that, although 
atmospheric pressure reduced below 630+ mm. had a retarding 
effect upon the growth of Cyperus, there is no evidence that it had 
any effect upon the air spaces. 


Summary 

1. The zone of growth of Scirpus validus is very short, possibly 
2-3 mm. 

2. The direct contact of the surrounding medium with the 
growing region is prevented by a closely fitting sheath of scale 
leaves. 

3. In these experiments the rate of growth, in general, was 
increased by a change from air to water, and from low to high 
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temperature; while the reverse changes resulted in a decrease in 
the rate. 

4. Temperature seemed to be a more important factor than water. 

5. The increase in diaphragm distance which followed a change 
from water to air, and from high to low temperature, did not 
seem to be sufficientiy great to be considered a direct result of the 
change, inasmuch as there is a normal tendency to increase from 
tip to base. . 

6. There appeared to be an inverse relation between diaphragm 
distance and rate of growth. 

7. Environmental conditions may influence diaphragm distance 
by their effect upon growth. 

8. A decreased growth rate would indicate a lowering of the 
vital activities of the plant, and would result in the formation of 
fewer diaphragms, thus increasing the distance between them. 

g. This decreased vitality was shown normally in the decrease 
in growth rate toward the close of the growth period, and was 
accompanied by an increase in diaphragm distance. 

10. This plant grew fairly well under 10-20 mm. pressure, 
while under 60-80 mm. pressure there was almost as good growth 
as under normal pressure. 

11. There appeared to be an increase in diaphragm distance at 
low pressures. Apparently this was due to the retarding effect of 
diminished pressure upon growth. 

12. Lowered pressure appeared to have no effect upon (1) the 
total number of air chambers or their size, (2) the thickness of the 
mass of tissue on the outside of the stem or of the partitions between 
the chambers, and (3) the number of palisade layers. 

13. These experiments lead one to conclude either that water 
with its low oxygen content is not the direct cause of the air spaces 
in aquatics, or that Scirpus validus is a very non-plastic organism, 
retaining its characteristic growth and structure under wide varia- 
tions in environmental conditions. 

14. A lowering of the atmospheric pressure below 630 mm. had 
a retarding effect upon the growth of Cyperus alternifolius (?), but 
there is no evidence that it had any effect upon the air spaces. 
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LIFE HISTORY OF FOSSOMBRONIA CRISTULA 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 264 
ARTHUR W. Haupt 


(WITH PLATES XIV-XIX AND ONE FIGURE) 


Fossombronia, according to SCHIFFNER (8), comprises 26 species 
of world wide distribution. The genus belongs to the family 
Codoniaceae of Cavers (2), which is, next to the Haplomit- 
riaceae, the highest family of the anacrogynous Jungermanniales. 
Fossombronia and its closely related genera Blasia, Noteroclada, and 
Treubia are thalloid dorsiventral forms which show the beginnings 
of genuine leaves corresponding to those of the acrogynous Junger- 
manniales, and represent, with the Haplomitriaceae, possible 
ancestral forms from which the Acrogynae have been derived. 

Fossombronia cristula was discovered and named by AUSTIN 
(1) in 1868, who found it growing “on damp sand in an unfre- 
quented path” near Batsto, New Jersey. For many years no 
additional material was collected, nor was it reported as occurring 
in any other locality in the United States. This no doubt was due 
to the small size and obscure habitat of the species. In 1915 
Evans (3) made a taxonomic study of F. cristula and stated that 
specimens had been collected in Massachusetts, Connecticut, New 
York, New Jersey, West Virginia, and Indiana. LAnp found the 
species in 1914 in Porter County, Indiana, 2-3 miles east of Dune 
Park, and a preliminary report of its occurrence in this region was 
published by Hitt (5) in 1916 from material furnished him by 
LanD. HI t also found plants growing in Lake County, Indiana, 
3 miles east of Tolleston. In his paper the author incorrectly 
refers to the species as F. crispula, which is not the name given it 
by AUSTIN. . 


Material 


The material used in this study to illustrate the development 
of the sporophyte was kindly furnished by Dr. Lanp from his 
collection of 1914 from the Dune Park region. Additional plants 
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were obtained by. the writer from the same locality in 1917, about 
a month earlier than Dr. LAND’s material had been collected, and 
served to illustrate the development of the thallus and the sex 
organs. The writer found F. cristula in this locality growing in 
cracks on fine, wet deposits of silt on the bottom of an almost 
extinct lake. Ht notes that ‘“‘a favorite place of growth in the 
Tolleston locality was vertical sides of holes left in the mud by the 
feet of cattle.” In the Dune Park region the plants are associated 
in great abundance with Drosera longifolia. 


Historical summary 


The earliest detailed study of Fossombronia is that of LEITGEB 
(7), who investigated F. pusilla, a European species. The author 
made a very careful study of the origin and insertion of the leaves 
and the development of the stem axis and mucilage hairs in the 
region of the growing point of the thallus. The apical cell is 
dolabrate, cutting off alternately right and left segments only. 
The plants are mostly monoecious, and on those in which antheridia 
are in greatest abundance, archegonia also occur to a limited 
extent. In regard to the order of appearance of the sex organs, 
the author says: “Aber ich fand haufig Sprosse mit vdéllig ent- 
wickelten Kapseln, welche nach der Spitze hinwieder reichlich 
Antheridien producierten.” The position of the antheridia and 
archegonia i$ the same as that of the other species, and both 
originate close to the apical cell. In regard to the development 
of the antheridia it is stated that they deviate in no way from the 
normal type, although no figures are shown to illustrate this develop- 
ment. The venter of the archegonium is 2 cells thick before 
fertilization. 

The fertilized egg is elongated in the direction of the arche- 
gonium axis, and divides by 2 horizontal walls, forming a tier of 3 
superimposed cells, of which the lower forms the foot, the middle 
cell the seta, and the upper one the capsule. The upper and lower 
cells divide more actively than the middle one. The differentiation 
of wall cells and sporogenous tissue in the capsular region occurs 
early. The mature capsule is 2-layered; the inner wall forms 
annular thickenings. At the apex the capsule wall is 3-layered. 
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The author studied the germination of the spores; he notes that 
a dolabrate apical cell is organized early, but he makes no state- 
ment regarding the development of the leaves. 

The most complete study of Fossombronia since LEITGEB is 
that by Humpurey (6), who investigated F. longiseta, a species 
occurring in California. The thallus reaches a length of 30 mm. 
and develops genuine leaves like the other species of the genus. 
The plants revive well after undergoing desiccation, and tuber-like 
thickenings are formed on the stem in which fungi live. The 
plants are monoecious, or by exception dioecious. HUMPHREY’S 
account of the development of the antheridium is most interesting, 
in that it departs widely from the usual Jungermanniales type. 


The initial cell of the antheridium is somewhat larger than the neighbor- 
ing vegetative cells, and is readily distinguished from them by its deeper 
staining qualities... .. Just previous to the first division the initial cell 
becomes considerably elongated, extending a third or more of its total length 
above the surrounding cells. The first division results from the formation of 
a horizontal wall which cuts off the stalk from the antheridium itself. Unlike 
what occurs in the majority of the Jungermanniaceae, the next division, 
instead of being vertical, is horizontal, thus dividing the antheridium mother 
cell into two superimposed cells; whereas in Sphaerocarpus and Geothallus 
another horizontal wall is formed, thus producing another cell, the two upper- 
most dividing vertically to form the antheridium, while the basal cell, by a 
series of transverse walls, forms the foot. 

In Fossombronia the development thus far agrees exactly with that in 
Sphaerocarpus and Geothallus, except that in Fossombronia only one horizontal 
division occurs in the antheridium mother cell, the stalk arising from the 
basal cell formed by the first horizontal division. This basal cell later divides 
horizontally, the uppermost segment becoming active in the formation of the 
stalk, while the lower ordinarily does not divide again. Following the 
horizontal division of the antheridium mother cell are two vertical divisions 
forming planes at right angles to each other and dividing the antheridium 
into octants. The next division results in periclinal walls for each of these 
octants, and there thus arise eight central cells and eight periclinal ones. . . . . 

Judging from the development of the antheridium, Fossombronia is more 
closely related to Sphaerocarpus and Geothallus than to the higher forms of 
the Jungermanniaceae. . . . . Thusit seems that Fossombronia longiseta forms a 
connecting link between such forms as Sphaerocarpus and Aneura. 


The development of the archegonium presents no striking 
difference from the usual situation; 6 neck canal cells are formed 
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and the venter becomes 2 cells thick only after fertilization. The 
first division of the fertilized egg is transverse, the upper segment 
forming the capsule and the lower forming the foot. The second 
transverse division separates the segment which is to form the 
capsule from that which is to form the seta. A third transverse 
division occurs in the uppermost cell, resulting in a tier of 4 super- 
imposed cells. After this 2 vertical walls appear at right angles to 
each other, followed by periclinal walls in the upper segment. 
The author states that the capsule wall is normally 2 cells thick, 
but shows a wall composed of 3 layers of cells in his fig. 61. Both 
layers of the capsule bear annular thickenings. The mature elaters 
reach a length of 150-300, and are provided with a double spiral 
thickening. Dehiscence is by means of four valves. 

HuMPHREY’s account of the development of the antheridium 
is vague, especially because no references to his figures are given 
in the description. Two interpretations are possible. If the 
second wall in the antheridium initial is transverse and is followed 
by vertical divisions in the two uppermost segments, the develop- 
ment is exactly like “‘what occurs in the majority of the Junger- 
manniaceae,”’ as his figure representing this stage is the same as 
my fig. 11, except that the first vertical divisions result in an 
octant of cells instead of the condition shown in fig. 15. If 
HumpuHreY speaks of the initial as the dorsal segment resulting 
from the first transverse division of the true initial, then the third 
wall in the true initial is transverse instead of vertical, but the 
situation according to this interpretation would be precisely the 
same as that in Sphaerocarpus. 

At any rate, HUMPHREY’s series of stages are not sufficiently 
close to convince one that the situation in Fossombronia is radically 
different from that characteristic of most of the other Jungerman- 
niales, and inasmuch as no mitotic figures are shown to prove the 
exact sequence of the first divisions in the initial, except for his 
figures of cross-sections, it is possible to interpret the development 
of the antheridium of F. Jongiseta as strictly normal. If HUMPHREY 
is really familiar with the development of the antheridium in the 
majority of the Jungermanniales as well as that of Sphaerocarpus, 
and the difficulty in interpreting his account is merely the result 
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of his obscurity in explaining the situation, the development of 
the antheridium would be as represented in fig. 1. 


Investigation 


THALLUS 


The vegetative body of Fossombronia cristula is minute, being 
only 2-4mm.inlength. It is creeping and semi-prostrate, although 














Fic. 1.—Above, F. longiseta; below, F. cristula 


the stem tips may occasionally be more or less ascending. The 
branching is rather profuse and is strictly apical. The stem shows 
no indication of a conducting system as in Pallavicinia and Sym- 
phyogyna. The plants form dense matlike growths over the sub- 
stratum, and are attached by means of long, violet-red rhizoids 
(fig. 6). The plant is an annual, developing in the early summer 
as soon as its habitat becomes sufficiently dry; in the Dune Park 
region the spores are ripe by late September or early October. 
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Growth of the main axis and branches is by means of a dolabrate 
(zweischneidig) apical cell (figs. 4, 5), with which are associated 
simple ventral mucilage hairs (figs. 7, 22) which may be several 
cells in length. CAveErs (2) states that each lateral segment of the 
apical cell of Fossombronia, by 2 transverse divisions, forms 3 
horizontal cells, the upper and lower cells developing the stem and 
the middle cell forming a leaf, according to the same method as 
occurs in Blasia. 

The leaves are borne in 2 dorsal rows; they are more or less 
erect,*obliquely inserted on the stem, closely imbricate, and pale 
green (fig. 2). The ventral surface of the thallus is entirely devoid 
of leaves. Ht (5) notes that the leaves become paler and whitish 
with age. The shape of the leaves varies from somewhat quadrate 
to slightly obovate; they are very crisped and have subentire 
margins which occasionally bear a few feeble crenulations at the 
apex. 

The cells of the stem and leaves contain numerous small pe- 
ripheral chloroplasts. Considering the small size of the plant, the 
cells are relatively large. Mitotic divisions were very rare in the 
material studied; the best mitosis seen was that of a late metaphase 
in the apical cell (fig. 3). From a study of this figure it was 
estimated that the haploid number of chromosomes is 4, although 
this fact cannot be stated with absolute certainty, as no other 
stages of mitosis equally favorable for chromosome counting were 
found. 

There can be no doubt that the 2 rows of lateral outgrowths 
from the axis of Fossombronia represent true leaves. The develop- 
ment of such a plant body from a form like Pallavicinia Lyellii, 
which consists of a midrib with thin, one-layered lateral wings 
slightly undulate on the margins, is very logical. Symphyogyna 
aspera might be taken to illustrate a second evolutionary stage, 
as in this plant the wing margins of the thallus are distinctly lobed. 
Among the Codoniaceae, Blasia represents a still farther advance, 
as in this case the lobes are even more distinct and regular, and 
the step from this condition to that of Fossombronia is perfectly 
natural. The plant body of Noteroclada is still more distinctly 
leafy, and in Treubia the axis bears 3 rows of leaves formed by an 








324 BOTANICAL GAZETTE {APRIL 


apical cell of the pyramidal type. This series, of course, is not a 
truly phylogenetic one, but represents a sequence of hypothetical 
stages through which the Jungermanniaceae acrogynae have 
probably passed in the course of their evolution. 


SEX ORGANS 


The plants of Fossombronia cristula are monoecious; the sex 
organs are dorsal and scattered over the stem in the leaf axes. 
The antheridia and archegonia are more or less separately grouped, 
but both kinds may occur in the same leaf axis (figs. 7, 8). There 
is no time relation in the appearance of the sex organs; antheridia 
may precede or follow the archegonia, and this sequence may be 
repeated several times in any order. 

The question of the differentiation of sex in F. cristula is an 
interesting one. Inasmuch as the thallus is bisexual and there is 
no definite sequence of antheridia and archegonia, sex must be 
determined at some other point in the life history than at the 
reduction division, or at one of the divisions of the apical cell. 
Up to the formation of the first horizontal wall in the initial, no 
differentiation of sex has occurred. Moreover, as the first vertical 
wall determines the kind of sex organ to be produced, sex probably 
is determined at the division concerned with the formation of the 
first gametogenous cell. It would be an interesting experiment to 
attempt to control sex in this plant by external conditions, as the 
sex organ initials probably contain the possibilities of both sexes. 

ANTHERIDIUM.—The antheridia develop in small groups, either 
separately or with archegonia, in acropetal succession from the 
immediate dorsal segments of the apical cell. Each group comes 
to lie in the axis of a leaf which acts as an involucral organ, protect- 
ing the group from behind. There is no special involucre developed, 
as in many of the strictly thallose Jungermanniales, for, as the 
writer has pointed out in his study of Pallavicinia (4), the anther- 
idial involucre of the thallose forms is strictly homologous with the 
involucral leaf of the foliose forms. 

In the development of the antheridium of F. cristula, the 
initial becomes papillate (fig. 9), and by a transverse division a 
basal cell is cut off from an outer cell. A second transverse wall 
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then divides the outer cell into equal segments, forming a primary 
stalk cell and a primary antheridial cell (fig. 10). The next 
division is vertical in the antheridial cell, and is usually followed 
by a similar division in the stalk cell (fig. 11), which may be parallel 
with or at right angles to the vertical wall in the antheridial cell 
(figs. 13, 14). Two periclinal walls then appear in the antheridial 
cell (figs. 13, 14); their relation to the first vertical wall may best 
be seen in a cross-sectional view (fig. 15). Two additional periclinal 
walls, which come in at right angles to the first two, complete 
the peripheral layer of 4 primary wall cells, which are thus separated 
from the 2 central spermatogenous cells (fig. 15). The cell contents 
of the primary spermatogenous cells assume a much darker stain 
than the contents of the primary wall cells or the cells of the 
stalk; in no cases were periclinal walls seen in the stalk cell. Thus 
there can be no doubt that the antheridium develops according to 
the usual method found among the anacrogynous Jungerman- 
niales, and not as HumpHrey has described for F. longiseta. 

Occasionally a transverse wall may appear in the stalk cell 
before the periclinal walls are formed in the antheridial cell (fig. 
12), but usually the divisions of the stalk cell follow the formation 
of the primary wall cells. Sometimes, also, the first division of 
the stalk cell may be transverse instead of vertical (fig. 16). 
Further development of the spermatogenous tissue is like that of 
the other Jungermanniaceae anacrogynae. The stalk of the 
mature antheridium is commonly 4 cells in length, and invariably 
shows 4 cells in cross-section. ‘The sperms are very small, slender, 
and extremely coiled before their escape from the antheridium. 
Each bears a pair of long terminal cilia. The sperms are produced 
in pairs from the sperm mother cells, but their development is not 
favorable for critical cytological study because of their extremely 
small size. 

ARCHEGONIUM.—The archegonium originates from a papillate 
initial which may be formed from the first segment of the apical cell 
(figs. 21-23). This feature brings Fossombronia very close to the 
acrogynous Jungermanniales. In no case was an archegonium 
seen arising directly from the apical cell; consequently its activities 
are not checked by the production of sex organs. 
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The first wall of the initial is transverse, and comes in above 
the general level of the thallus, resulting in the formation of a 
basal cell and an outer cell (figs. 22-24). The former may undergo 
another transverse division immediately, or it may remain undivided 
until the 3 vertical walls have appeared in the outer cell (fig. 26). 
The presence of 2 transverse walls in the young archegonium caused 
the writer, during the early part of the investigation, to suspect that 
possibly the first transverse division of the initial is followed by a 
second one in the outer cell before the coming in of the 3 vertical 
walls. Archegonia were seen, however, in which only one transverse 
division of the initial had taken place (fig. 25), and the indications 
were that the development of the archegonium may be typical, or 
that the first 2 divisions of the archegonium initial may be the 
same as the first 2 of the antheridium initial (fig. 10). 

Before the appearance of the first vertical wall, archegonia 
cannot be distinguished from antheridia, and after the first vertical 
wall has appeared the mitotic figure which would settle this point 
has disappeared. In several cases, however, the wall in the basal 
cell had not become thickened. This fact, together with the 
general aspect and behavior of the neighboring cells of the thallus, 
the position of the first wall in the initial, and the elongated 
character of the undivided stalk cell, convinced the writer, after a 
study of all available stages in the preparations, that the second 
transverse wall comes in the basal cell and not in the outer cell. 

Subsequent development of the archegonium agrees with the 
usual development of the archegonium of anacrogynous forms 
(figs. 27-31). The cover cell divides by a median vertical wall 
soon after its formation (fig. 29), and remains in this condition; 
thus it does not contribute to the development of the neck, the 
cells of which in all cases increase by intercalary divisions. The 
mature archegonium has 6-8 neck canal cells, surrounded by 5 
rows of neck cells (fig. 32). The venter is 2 cells in thickness, 
and slender, and the neck but slightly twisted. The ventral 
canal cell and egg are almost equal in size (fig. 31). After 
the breaking down of the axial row the protoplast of the egg is 
withdrawn somewhat from its wall, the very dense chromatin is 
in close contact with the nucleolus, and elongated slender plastids 
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are conspicuous in the cytoplasm (fig. 33). The egg protoplast 
does not lay down a new wall until after fertilization. More than 
one archegonium in a group may function (fig. 45). 

That the archegonium is of an advanced type is shown by its 
early development from the initial, its relatively few neck canal 
cells, its inactive cover cell, the intercalary growth of the neck, 
and its slender venter. 


SPOROPHYTE 


The first division of the fertilized egg is invariably transverse, 
and is followed by transverse divisions up to 5—7, the sequence of 
which could not be determined (figs. 34-36). A vertical wall 
then appears, intersecting the transverse walls (fig. 37), and 
followed by another vertical wall at right angles to the first one, 
so that 4 cells are seen in cross-section. Periclinal walls then 
appear in the upper part of the embryo and a sterile wall is thereby 
cut off from the central primary sporogenous cells. The relation 
of the early divisions of the embryo to the formation of the foot, 
seta, and capsule could not be determined, but it is certain that the 
lower half of the fertilized egg contributes to the development of 
the sporophyte, not merely forming an appendage to the foot. 
A slender calyptra 3 or 4 cells in thickness is formed from the venter 
of the archegonium (figs. 35, 38). A simple, bell-shaped involucre 
develops after fertilization; it slightly: exceeds the sporophyte in 
length (fig. 45). 

The sporogenous tissue is differentiated early in the history of 
the sporophyte. In the formation of the spore mother cells and 
elaters, the protoplasts of the sporogenous tissue withdraw from 
their cell walls (fig. 39), those which are to form spores round out, 
and both the spore mother cells and young elaters form a new 
wall as the original walls of the sporogenous mass are dissolved 
(fig. 40). The spore mother cells and young elaters are derived 
from the sporogenous cells by the same number of cell divisions. 
In F. cristula an elater is not homologous with a row of spore 
mother cells, as in forms with a more highly specialized sporophyte, 
but with a single spore mother cell. The spore mother cells 
develop 4 inconspicuous lobes (fig. 42), the reduction divisions 
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occur, and walls come in to separate the 4 members of the tetrad 
(fig. 43). 

The material available for the investigation yielded no stage 
beyond that shown by fig. 44. No spiral thickenings were visible 
on the wall of the elaters, and the spores were in various stages 
of separation from their tetrads. The seta at this stage is not 
yet elongated. Evans (3) has made a careful study of the mature 
spores and elaters of this species. He says: 


The elaters . . . . are remarkable not only on account of their small size 
and delicate structure but also on account of their variability in form and 
scanty development. Their most usual features, however, are found in the 
local thickenings.on their walls. Instead of forming 2 or more parallel spirals, 
these usually consist of from 5 to 9 rings, some of which may be connected to 
form a single rudimentary spiral. ... . The elaters vary from 28 pw to sop in 
length and from 6 to 18min width. The bands of thickening are less deeply 
pigmented than in most species of Fossombronia and are sometimes very pale 
indeed and difficult to demonstrate... .. The brown spores in the type 
material are mostly between 36 and 4op in diameter..... The spherical 
face is covered over with a more or less regular reticulum formed by inter- 
secting lamellae about 2 in height. .... The meshes of the reticulum are 
mostly 8-10 wide and the spherical face usually measures 6 or 7 meshes 
across. Sometimes the reticulum is irregular or incomplete. 


The mature capsule is globular or nearly so; its wall is in- 
variably 2 cells thick and bears rudimentary annular and half-ring 
fibers on the walls of the inner layer (fig. 46). There is no sterile 
cap at the apex of the capsule. Dehiscence, according to CAVERS 
(2), is by means of 4 valves in some species of Fossombronia, but 
in most of them the upper part of the capsule breaks into plates 
which are cast off irregularly. 


Summary 


1. The vegetative body of F. cristula consists of a minute, 
creeping, rather profusely branched thallus which bears genuine 
leaves in 2 dorsal rows. 

2. The apical cell is dolabrate. Branching is strictly apical. 

3. The plants are monoecious, the sex organs occurring in the 
axes of the leaves. Antheridia and archegonia may occur in the 
same leaf axis, and there is no time relation in the order of their 
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appearance. They originate from the immediate segments of the 
apical cell, and their development is strictly acropetal. 

4. The antheridia develop according to the usual method 
found among the anacrogynous Jungermanniales. Variations 
occur in the order of appearance of the walls in the primary stalk 
cell. 

5. Until the appearance of the first vertical wall, young arche- 
gonia cannot be distinguished from young antheridia. The first 
transverse division in the archegonium initial separates the stalk 
cell from the archegonium proper, and subsequent development 
follows the usual Jungermanniales type. The cover cell is inactive, 
6-8 neck canal cells are formed, and the venter is 2 cells thick be- 
fore fertilization. The archegonium is of an advanced type. 

6. The early divisions of the embryo are transverse, both 
halves of the fertilized egg contributing to the development of 
the foot, seta, and capsule. A calyptra 3-4 cells in thickness is 
formed. 

7. The sporogenous tissue is differentiated rather early in the 
history of the sporophyte. The elaters are rudimentary, and 
each is homologous with a single spore mother cell, not with a row 
of them. 

8. The sporophyte is primitive. 


To Dr. W. J. G. LAND, under whose direction the study was 
made, the writer makes grateful acknowledgment for his kind 
advice and helpful criticism. 


CARTHAGE COLLEGE 
CARTHAGE, ILL. 
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EXPLANATION OF PLATES XVI-XIX 


PLATE XVI 


Fic. 2.—Thallus: a, side view; b, dorsal view. 

Fic. 3.—Mitosis in apical cell; 1850. 

Fic. 4.—Median longitudinal section of apical cell; 660. 

Fic. 5.—Median transverse section of same; 660. 

Fic. 6.—Rhizoids; X85. 

Fic. 7.—Median longitudinal section of thallus through apical cell; X 250. 
Fic. 8.—Same as fig. 7: a, young antheridium; //, leaf; X68. 


PLATE XVII 

Fics. 9-20.—Stages in development of antheridium. 

Fic. 9.—Antheridium initial; 790. 

Fic. 10.—Young antheridium consisting of basal cell, stalk cell, and 
primary antheridial cell; 790. 

Fic. 11.—Vertical division of primary antheridial cell and later vertical 
division of stalk cell; 790. 

Fic. 12.—Appearance of transverse wall in stalk cell; 790. 

Fics. 13-14.—Formation of periclinal walls in primary antheridial cell; 
X790. 

Fic. 15.—Cross-section of same; 790. 

Fics. 16-17.—Division of primary wall cells; 790. 

Fic. 18.—Division of primary spermatogenous cells; 790. 

Fics. 19-20.—Older stages; 660. 

Fic. 21.—Archegonium initial and apical cell; 625. 

Fic. 22.—First division of archegonium initial, apical cell, and mucilage 
hair; 625. 

FIGS. 23-33.—Stages in development of archegonium. 

Fic. 23.—Archegonium initial; 790. 


PLATE XVIII 
Fic. 24.—First division of same; 790. 


Fic. 25.—Formation of first vertical wall; 790. 


Fic. 26.—Appearance of second and third vertical walls and transverse 
division of basal cell; 790. 
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Fic. 27.—Young archegonium consisting of primary ventral cell, primary 
neck canal cell, and cover cell; 790. 
Fics. 28-30.—Formation of neck canal cells, ventral cell undivided; X 660. 
Fic. 31.—Ventral canal cell and egg; 660. 
Fic. 32.—Cross-section of neck of same; X 660. 
Fic. 33.—Mature archegonium; X 525. 
FIGs. 34-37.—Development of embryo; X525. 


PLATE XIX 

Fic. 38.—Young sporophyte; 340. 

Fic. 39.—Differentiation of spore mother cells and elaters; X 525. 

Fic. 40.—Spore mother cells and elaters; X 525. 

Fic. 41.—Sketch of same stage; X50. 

Fic. 42.—Lobed spore mother cells; 525. 

Fic. 43.—Spore tetrads; 525. 

Fic. 44.—Nearly mature spores and elater; X 525. 

Fic. 45.—Sketch of same stage; X50. 

Fic. 46.—Wall of mature capsule showing thickenings on inner layer; 
X790. 














RESIDUAL EFFECTS OF CARBON DIOXIDE GAS ADDI- 
TIONS TO SOIL ON ROOTS OF LACTUCA SATIVA!" 


H. A. NoyvEs AND J. H. WEGHORST 


(WITH FIVE FIGURES) 


Variations in the development of roots of plants, when carbon 
dioxide gas is added subterraneously, have been described and 
reported in a previous paper.? The plants subjected to the carbon 
dioxide gas treatments were Capsicum annuum abreviatum, Lactuca 
sativa, Raphanus sativus, and Phaseolus vulgaris. The last three spe- 
cies were grown in the same soil, with fertilizer and manure treat- 
ments in addition to the check treatment already reported upon. 

The treatment of the soil in the pots subsequent to the removal 
of the Phaseolus vulgaris plants in June 1917 was as follows. The 
soil in each pot was emptied into a large pan, thoroughly mixed, 
and returned to the pot. The water content was brought up to 
optimum, and one seedling of Lycopersicum esculentum placed in 
each pot. L. esculentum is considered a heavy: potash feeder, and 
the plants were grown without carbon dioxide gas treatments in an 
endeavor to ascertain through plant growth the plant food made 
available by the previous gas treatments. The L. esculentum 
plants were harvested in November (5 months later), and the pots 
kept at near optimum moisture content until February 1, when 
they were again set to Lactuca sativa. The object of this test was 
to discover whether, on the addition of available nitrogen (in which 
the soil was lacking), more mineral plant food, made available by 
the carbon dioxide treatments of the previous spring, could be 
utilized by the growing plants. The moisture content of the soil 
in the pots was maintained at optimum by weighing and adding 
distilled water. Available nitrogen in the form of ammonium 
nitrate in quantities equivalent to 50 pounds of sodium nitrate per 
2,000,000 pounds of soil was applied (with the distilled water added) 

tContribution from Purdue University Agricultural Experiment Station, La 
Fayette, Indiana. 

2 Bor. Gaz. 66:364. 1918. 
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on four dates, February 1, 9, 23, and March 27. The plants were 
harvested April 15 and the roots removed April 20, 1918. 

The roots of the plants grown in the pots that had received the 
carbon dioxide gas applications the previous year had the mal- 
formations attributed to carbon dioxide in the previous paper. 
Where the soil had never been subjected to carbon dioxide treat- 
ments, the roots were well spread and extended considerably into 


the soil. Where carbon dioxide had been applied, the roots were 
shorter, spread out horizontally just beneath (0” to 2’’) the surface 





Fic. 1.—Roots from unfertilized soil: left to right carbon dioxide treatments of 
soil were o, 8, and 24 hours per day. 


of the soil, and had tap roots that were abnormally short, crooked, 
and branching. The data with the fertilizer treatments are given 
in table I. The results show that something was left in the soil, 
due to carbon dioxide gas additions to the soil the previous year, 
which both shortened the tap roots and the distance below the 
crown at which the roots curved or split up into smaller roots. 
The residual effects of the gas were greater for the continuous than 
the intermittent treatments. The roots of the plants where the 
24-hour treatments of carbon dioxide has been given were more 
affected under the manure than the fertilizer treatments. 
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Fic. 2.—Roots from soil fertilized with 5 tons of manure: left to right carbon 
dioxide treatments of soil were 0, 8, and 24 hours per day. 


Fic. 3.—Roots from soil fertilized with single application of complete fertilizer: 
left to right carbon dioxide treatments of soil were 0, 8, and 24 hours per day. 








1920] NOYES & WEGHORST—ROOTS 335 





Fic. 4.—Roots from soil fertilized with 10 tons of manure: left to right carbon 
dioxide treatments of soil were o, 8, and 24 hours per day. 





Fic. 5.—Roots from soil fertilized with double application of complete fertilizer: 
left to right carbon dioxide treatments of soil were 0, 8, and 24 hours per day. 
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The root of each set of three that had the best tap root was 
photographed, and is shown in figs. 1-5. The left hand root in each 
figure was grown in soil that did not receive carbon dioxide treat- 
ment; the middle one shows the residual effects of the 8 hours; 
and the right hand one shows the effects of 24 hours of gas treat- 
ments. With no gas treatment the roots of plants grown in manure 
tend to resemble those in which carbon dioxide gas was applied to 
the soil. This is confirmation of the statement made in the previous 
paper, namely, that ‘the results obtained in these experiments lead 
to the belief that the carbon dioxide content of garden soils is some- 

TABLE I 


RESIDUAL EFFECTS OF CARBON DIOXIDE GAS ADDITIONS TO SOIL ON DEVELOPMENT OF TAP 
ROOTS OF Lactuca sativa 

















8 HOURS’ CARBON 24 HOURS’ CARBON 
Se DIOXIDE TREATMENT | DIOXIDE TREATMENT 
PREVIOUS FERTILIZER soos sepa Fic. No 
TREATMENTS* \e q 
Distance to Distance to Distance to 
Length first curve Length first curv Length first curve 
(in inches) (in inches) |“ inches) (in inches) (in inches) (in inches) 
Nothing. ............. 5.2t 3.0T 3:7 23 2.8 ©.9 I 
Five tons dry manure. . 05 5.0 4:7 1.6 4.5 1.4 2 
Complete fertilizer 
(singleapplication)§..} 4.9 2.3 4-5 1.7 4.2 0.9 3 
Ten tons dry manure...| 4.4 3-4 3-9 2.0 1.9 3 4 
Complete fertilizer 
(double application)..} 4.0 1.7 3-2 1.9 3.0 0.9 5 
ee Png. 2:4 4.0 z.7 45 ie 4 See 


























* In addition nitrogen was applied in ammonium nitrate on four dates at rate equivalent to 50 pounds sodium 
nitrate per 2,000,000 pounds soil. 

+ All figures are the average for three plants. t Application per 2,000,000 pounds of soil. 

§ Made from dried blood, dicalcium phosphate, and potassium chloride containing equal nitrogen, phos- 
phorus, and potassium; nitrogen equal to one-third that in the 5 tons of dry manure. 


times detrimental to the root development of some of the plants 
growing in the garden.” 

These residual effects of carbon dioxide additions to soil obtained 
over 9 months after the treatments were discontinued were un- 
expected, as the soil had been removed from the pots and mixed, 
and all water lost by evaporation added subterraneously. The 
explanation is not easy. The data are reported as a contribution to 
the knowledge of root growth, and it is hoped that it may help some 
workers in explaining odd tropic phenomena or throw some light 
on what is known as “soil toxicity.” 


MELLON ScHoot oF INDUSTRIAL RESEARCH 
PITTSBURGH, PA. 
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LEAF-BASE PHYLLODES AMONG THE LILIACEAE’ 
AGNES ARBER 


(WITH FOUR FIGURES) 


In a recent paper (1) the writer advocated the view that leaves 
of monocotyledons have no true laminae, but are either equivalent 
to petioles+leaf-bases, or are still further reduced until they reach 
the point of representing leaf-bases alone. In the paper cited, 
attention was mainly concentrated upon petiolar phyllodes, but in 
the present article it is proposed to review certain leaves among the 
Liliaceae which seem to be of leaf-base or leaf-sheath nature, and 
to consider the evidence upon which this interpretation is based. 

There are a number of leaves among different tribes of the 
Liliaceae whose external appearance and general structure may 
well be taken to suggest a leaf-base origin. They show no differ- 
entiation into sheath and limb; they are parallel veined and 
furnished with a single series of normally orientated bundles. As 
examples Hemerocallis, Tulipa, and Scilla may be cited. That a 
view which presupposes a considerable power of development on 
the part of the leaf-sheath is not necessarily too extreme, is indi- 
cated by the fact that in some monocotyledons, in which there is 
a differentiation into sheath and limb, the sheaths may attain 
remarkable dimensions. For instance, the sheath of Typha may 
be half a meter long (3). Again, Domin’s (2) researches among 
the Umbelliferae have revealed a case in which all the foliage 
leaves are undoubtedly of leaf-base nature, namely, Oreomyrrhis 
linearis Hemsley. The linear leaves of this species, which bear a 
general resemblance to those of monocotyledons, terminate in a 
small rudiment apparently representing the blade. 

There is not, in fact, any a priori difficulty in the way of inter- 
preting the leaves of Tulipa, etc., as leaf-base phyllodes. We may 
now consider what positive evidence can be adduced in favor of 
this theory. 

*This paper represents part of the work carried out during the tenure of a 


Keddey Fletcher-Warr Studentship of the University of London, and with the aid 
of a grant from the Dixon Fund of the University of London. 
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Ontogenetic evidence 


Hemerocallis fulua L.—An apical bud of this plant was dissected 
on March 1. Neither in a leaf about 1 mm. long viewed under the 
simple microscope, nor in younger leaves examined with the com- 
pound microscope, could any distinction be discerned between the 
“‘leaf-sheath”’ and the rest of the leaf. The leaf is open to the 
extreme base, so that no closed sheath is formed. . 

Scilla hispanica Mill.—The young foliage leaves for the current 
year were examined on March 1. All the leaves, down to the 
youngest, were found to be similar structures, in which the hooding 
of the apex was a relatively more conspicuous feature than in the 
older leaves. In the mature leaf, the sheath is seen to be closed 
for a very short distance at the base. 

The conclusion to he drawn from the development of the leaves 
of these two species seems to be that in the case of Hemerocallis 
there is no evidence from the ontogeny of the existence in the leaf 
of any region except the leaf-base or leaf-sheath; in Scilla the main 
part of the leaf seems also to be of leaf-base nature, although the 
apical region of the hooded tip may possibly bear another interpre- 
tation, to which reference will be made later. 


Evidence of comparative morphology 


In order to test the interpretation here suggested, which explains 
the leaves of Tulipa, etc., as essentially leaf-base members, a 
search was made for some dicotyledon possessing both leaves with 
a well differentiated leaf-base, petiole, and lamina, and also reduced 
leaves which could be closely compared with those of the mono- 
cotyledons in question. Such a plant was found in Fatsia japonica 
Decne., of the Araliaceae, often cultivated under the name of 
Aralia. The normal foliage leaves of this plant are shown in 
fig. 1A. There is a well marked sheathing leaf-base (6), a petiole 
(p), and a palmate lamina. In addition, there are transitional leaf 
forms with reduced blades, culminating in bladeless bud-scales 
(fig. 1B). These are of the same nature as the leaf-base of the 
normal leaf, although they are thinner in texture, and the parallel 
veining is more obvious. The most interesting feature, however, 
is that the apical region of the bud-scale, which is developed in 
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varying degrees, is solid and approximately cylindrical, and may 
be interpreted as the rudiment of the leaf-stalk (fig. 1B, p). The 






HYACINTHUS 


FATSIA 





4 
SCILLA 
FATSIA Lema 


Fics. 1-4.—Fig. 1, Fatsia japonica Decne.: A, small normal foliage leaf; 
b, leaf-base; p, petiole; B, bud-scale; b, leaf-base; », rudiment of petiole; C, trans- 
verse section of apex of bud-scale at position marked with arrow in B; A and B, half 
natural size; C, X23; fig. 2, Hyacinthus (garden var.): A, apex of leaf (half natural 
size); B, transverse section through apex of leaf shown in A, at level of arrow; X 23; 
fig. 3, Scilla (garden var.): transverse section through apex of leaf which was flat and 
dorsiventral except at tip; X14; fig. 4, Tulipa sylvestris: transverse section through 
apex of leaf which was flat and dorsiventral except at tip; form on upper side shows 
first indication of opening into main flat part of leaf; X23. 


transverse section of this region shows a slightly dorsiventral ring 
of bundles (fig. 1C), so that the anatomy is distinctly petiolar. 
When we turn to the monocotyledonous leaves which we wish 
to interpret, we find that in certain of them there is an apical 
structure which closely parallels the petiole rudiment of the 
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bud-scales of Fatsia. In the garden hyacinth, for instance, the leaves 
may often be found to terminate in a short, solid, cylindrical apex 
(fig. 2A). On cutting sections of this apex, a ring of bundles is 
revealed (fig. 2B), so that not only the external appearance of the 
apex but also its anatomy corresponds to that of the Fatsia bud- 
scales. Precisely the same thing has been found in another of the 
Scilleae, a garden variety of Scilla; the transverse section of the 
apex of this leaf is shown in fig. 3. In a second subtribe of 
the Lilioideae, the Tulipeae, a conspicuously developed, solid apex 
may be observed, for instance, in the leaf of Tulipa sylvestris L. 
Sections of this apical region again reveal a typically petiolar struc- 
ture. Fig. 4 is drawn from a section at the base of the apical 
region, and shows, in its form, the last traces of the influence of 
the limb, but higher up this irregularity disappears, and the apex 
becomes approximately cylindrical. 

Such leaves as those of Hemerocallis, on the other hand, perhaps 
may be compared with the countless dicotyledonous bud-scales in 
which reduction has been carried still farther than in Fatsia, so 
that they retain no vestige of any part of the leaf except the sheath- 
ing base. 

Summary 

It is shown on evidence of ontogeny and comparative morphol- 
ogy that certain leaves among the Liliaceae, such as those of Hemero- 
callis and Scilla, are to be interpreted as equivalent to leaf-bases. 
The lamina is entirely absent, and the petiole is either also absent 
or is present in an extremely reduced form. The solid, approxi- 
mately cylindrical apices in which the leaves of Hyacinthus, Tulipa, 
etc., sometimes terminate, are held to represent the last rudi- 
mentary phase of the vanishing petiole. 

BALFOUR LABORATORY 

CAMBRIDGE, ENGLAND 
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DEVELOPMENT OF THE GEOGLOSSACEAE! 
G. H. Durr 


Although a number of investigators have contributed develop- 
mental studies on the Ascomycetes and very substantial progress 
has been made, our knowledge of the ontogeny of the higher forms 
of these fungi is still far from complete. In consequence, our 
present systems of classification are full of gaps, and our concep- 
tions of the affinities of these plants are often contradictory or 
mere guesses. For the elaboration of a satisfactory system of 
classification and for the consolidation of our ideas regarding 
relationships, it is requisite that the ontogeny of a much larger 
number of representative species be worked out. 

This investigation has been confined to the Geoglossaceae. 
Observations have been made on practically complete stages of 
Cudonta lutea, Spathularia velutipes, and Trichoglossum hirsutum, 
and on some of the critical features of Leotia. Heretofore studies 
in this family have been restricted to three species of the genera 
Leotia and Mitrula.2, The chief interest centers around Cudonia 
lutea and Spathularia velutipes because of the remarkable ascogonia 
possessed by these plants, and because of the conspicuous veils 
which render obvious to the naked eye their angiocarpous nature, 
and which have long stood in opposition to the distinction by which 
SCHROETER’ separates the Helvellineae from the Pezizineae. 

The youngest stage of Cudonia lutea which has come under 
observation is in the form of a minute cushion of interwoven 
threads measuring but 84y in height. At the center of this 
loose assemblage of threads may be seen a small but definite group 
of hyphae which are rendered conspicuous by their size and stain- 
ing qualities. These are not ascogonia, as might at first be 


‘Preliminary communication. 

2 Ditrricu, G., Zur Entwickelungsgeschichte der Helvellineen. Cohn’s Beitriige 
8:1. 1918. 

Brown, W. H., The developement of the ascocarp of Leotia. Bor. Gaz. 
50:443-459. IgI0. 

3 SCHROETER, J., In ENGLER and PRANTL, Die natiirlichen Pflanzenfamilien. 
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supposed, but are the precursors of coiling procarps which arise 
from them at a later stage, in a manner to be described. 

So far as the writer is aware, such a sequence of structures. has 
not elsewhere been reported for any species of the Ascomycetes 
proper. Among the lichens, however, a similar condition has 
been recorded. In a paper dealing with the ontogeny of the 
ascocarp of several forms of lichens, NIENBURG‘ figures and de- 
scribes bodies which are differentiated early in the process of 
development, and which at a later stage give rise to ‘‘ carpogones.”’ 
These bodies are designated “generativen hyphen” by this author. 
Following his usage, the term “‘ generative hyphae’”’ will be employed 
in reference to the threads here described and to their immediate 
proliferations. 

The next developmental stage exhibits a distinct differentiation 
of vegetative tissues. There is now present a well organized outer 
covering, which completely envelops the looser tissues, and at the 
center the generative hyphae are more conspicuous than ever. 
By this time the generative hyphae have proliferated to a slight 
extent, and appear as a somewhat larger and more compact group 
of threads with an extraordinary affinity for stains. As growth 
proceeds the outer tissue expands, remaining in its peripheral 
position as a true veil. Its persistence and growth are not functions 
solely of the tissues that lie beneath it, but of itself as well. By 
its own growth it is able to keep pace for a considerable time with 
the rapid enlargement of the cap, a fact that is true even of that 
portion which is eventually separated from its connections by the 
developing hymenium. This growth, in contrast with mere 
stretching, results in a marked increase in the thickness of the 
veil, measurements showing that the earliest envelopes average 
about 20 uw, while at maturity they approach 70 uw in thickness. The 
veil ruptures over the hymenium only, and there only after the 
latter is well matured. 

By upward growth and by the appearance of a mass of what 
may be termed parenchymatous tissue at the base of the young 
fruit, the generative hyphae are forced to assume a subapical 


4 NIENBURG, W., Beitrige zur Entwickelungsgeschichte einiger Flechtenapothe- 
cien. Flora 98: 1907-1908. 
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position. This position is retained until they give rise to the 
procarps. At this time the height of the fruit body is about 2 mm., 
and the cap has been well differentiated from the stem. At such 
a stage the generative hyphae largely fill the upper portions of the 
cap, and the procarps arise as branches from these hyphae. The 
procarps are numerous, coiling, and deeply staining structures, 
scattered irregularly throughout the cap. These coils are con- 
tinued upward by what appear to be “typical’’ multiseptate 
trichogynes, which penetrate the envelope, projecting into the air 
fora short distance. Spermogonia and spermatia are entirely lack- 
ing, and it is not thought that the trichogynes are functional organs. 

Despite the great difficulty of staining differentially both the 
generative hyphae and the: procarps, owing to the remarkable 
affinity for stains exhibited by these structures, there is sufficient 
evidence to show that the cells of the procarp, including those of 
the trichogyne, are originally uninucleate. Later the ascogonial 
cells become multinucleate, the nuclei being small and paired; 
and ascogenous hyphae arise from them into which these nuclei 
probably pass. 

It is important to note that up to this time there has been no 
sign of a hymenium. The fruiting surface now makes its first 
appearance in the form of paraphyses immediately beneath the veil. 
Before the paraphyses have attained their full development the 
ascogenous hyphae, that meanwhile have taken their origin from 
the procarps in close proximity, and have rapidly proliferated and 
gone through various evolutions of hook formation, begin to organ- 
ize asci. This young hymenium is inclosed by the veil, and 
remains so until many of the asci are mature and spore discharge 
is ready to commence. The nuclear phenomena preceding spore 
formation are typical in their chief features. 

The developmental history of Spathularia velutipes follows a 
course not unlike that of Cudonia lutea. The youngest fruits of 
this species that have been examined are somewhat larger than the 
youngest species of Cudonia, being in the neighborhood of o.5 mm. 
in height. At this stage the young Spathularia is covered with an 
envelope, but the inner tissues are quite undifferentiated, and there 
are as yet no signs of any structures resembling the generative 
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hyphae of Cudonia. In the next stage of the series, however, 
threads resembling generative hyphae are visible, and they have 
already taken up their position just behind the apex of the some- 
what cone-shaped ascocarp. The envelope here is worthy of some 
remark, inasmuch as it is easily differentiable by staining into two 
parts, an outer and aninner. The inner tissue is capable of growth 
and is responsible for the persistence of the veil in Spathularia, 
and for the continued production of the outer tissue which becomes 
split by the growth of the fruit body into adhering masses of cells 
which are responsible for the velvety appearance from which the 
species derives its name. Measurements of the thickness of the 
envelope in the youngest and in mature specimens here also indicate 
the extent of this growth, and show the veil to be capable of doubling 
in thickness, increasing from about 25 to 50u. This is but a 
rough and inadequate index, however, since the outer tissue may 
be considerably worn away. 

Procarps of a very much reduced nature are produced in 
Spathularia velutipes. These appear even later than those of 
Cudonia, arising after the formation of paraphyses. They are 
more variable in size and shape, and do not possess trichogynes. 
They are responsible for the initiation of the paired condition of 
the nuclei, and ascogenous hyphae may be seen arising from them. 
The entire ascogonial system in Spathularia is just as refractory 
with respect to stains as that of Cudonia, and nuclear details, 
consequently, are very difficult to obtain. In all other respects 
Cudonia and Spathularia resemble one another closely. 

Examination of a complete series from a very young stage to 
maturity has shown that Trichoglossum hirsutum is not possessed 
of a veil at any time in the history of the development of its fruit 
body. The long setae that characterize the ascocarp of this 
species, however, are present from the very first. This condition 
is noteworthy, inasmuch as it is very similar to that which Fitz- 
PATRICKS has described for Rhizina undulata. In these two species 
we have the only members of the Helvellineae whose develop- 
mental history has as yet been described, for which the presence 


$s Fitzpatrick, H. M., The development of the ascocarp of Rhizina undulata Fr. 
Bot. GAZ. 63:282-296. 1917. 
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of a veil at some stage of their development has not been claimed, 
and each is provided with these remarkable setae. In matters of 
sexuality Trichoglossum appears to be still more reduced than 
Spathularia. Ascogenous hyphae arise from threads which are 
little if at all differentiated from the vegetative hyphae. 

Although Ditrricu (loc. cit.) claims for Leotia lubrica. the 
possession of a veil in its younger stages, BROWN (loc. cit.), in his 
more recent paper on this species, makes no mention of the occur- 
rence of any such structure, and apparently has observed none. 
A tissue overlying the hymenium has been observed by the writer 
in a fairly well advanced specimen during the course of a cursory 
examination of this form. Younger stages which show this 
covering have not been found, however, so that considerable 
uncertainty obtains with regard to the identity of this tissue with 
that figured by DittTRIcu. 

A point of very great interest in this investigation is the close 
resemblance of the conditions described for these Geoglossaceae 
to those which NIENBURG attributes to the Cladonia-like lichens 
Icmadophila, Sphyridium, and Baeomyces. 'The occurrence in these 
lichens of generative hyphae which later give rise to carpogonia has 
already been mentioned. These carpogonia are “typical’’ coils 
with trichogynes in Icmadophila; but they are progressively more 
degenerate in Sphyridium and Baeomyces, in the last of which 
NIENBURG was unable to distinguish their presence with certainty. 
Further points of similarity include the occurrence of an envelope 
in the early stages, and the methods of ascus formation. This 
remarkable parallelism evidently represents a relationship. Al- 
though a general relationship between the Ascolichens and other 
ascomycete groups, such as the Discomycetes and Pyrenomycetes, 
has long been recognized, and although some lichenologists have 
advocated and attempted the distribution of the lichen genera 
among those of other Ascomycetes, a fundamental basis of relation- 
ship between the discolichens and the order Helvellineae has been 
wanting. This basis is supplied here and consists of a close 
similarity in developmental history, particularly with regard to 
the veil and to the manner and time of appearance, number, 


position, and condition of procarps. As our knowledge of these 
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forms increases, the extent of this relationship will unquestionably 
be more clearly shown. 


A detailed illustrated account of this work is to be published in 
the near future. 


The writer desires to acknowledge his indebtedness to Pro- 
fessor J. H. FAuLt, of the University of Toronto, under whose 
guidance this investigation has been prosecuted, and to express 
his thanks for valued direction and criticism. 


UNIVERSITY OF TORONTO 
CANADA 

















BRIEFER ARTICLES 


THE CINCHONA STATION 


The lease of the Cinchona Station by the Smithsonian Institution on 
behalf of a group of contributing American botanists was interrupted by 
conditions existing during the war. It has now been resumed, and the 
laboratory will be available for American botanists during the coming 
year. 

This tropical laboratory, in a well kept botanical garden containing 
many exotic trees, shrubs, vines, and herbaceous perennials from all 
quarters of the earth, is located at 5000 ft. elevation, on the southern 
slope of the rugged Blue Mountains of Jamaica, within half an hour’s 
walk of an undisturbed montane rain forest. 

The dry ridges and sunny valleys of the south side of the Blue 
Mountains offer many types of peculiar ferns, epiphytic bromeliads, 
grasses, mistletoes, and lianes. In the rain forest of the north side are 
to be found many species of liverworts, mosses, and ferns, the latter 
ranging from the very diminutive epiphytic species of Polypodium, only 
an inch or two in height, to the scrambling species of Pteridium, Gleichenia, 
or climbing Lomaria of many yards in length, and the great tree ferns, 
40 ft.in height. There are also many interesting native species of trees, 
shrubs, and vines which together make parts of the forest a practically 
impenetrable jungle. ‘There are great stretches of the northern slopes 
of the Blue Mountains, within a day’s walk of Cinchona, that have 
never been explored by the botanist, not even by the collector. 

Botanists wishing to study plants of the lowlands or of the sea 
coast can make their headquarters in Kingston, and such workers have 
always had the use of the library, herbarium, and laboratory at Hope 
Gardens. These gardens also contain a fine collection of native and 
introduced tropical plants, offering much material for morphological 
and histological study. Cacti, agaves, and other xerophytic plants of 
the seacoast, and the algae of the coral reefs along the shore, afford still 
other types of vegetation of great ecological, developmental, and cyto- 
logical interest. Castleton Garden, the third botanical garden of the 
island, has a very different climate from either Cinchona or Hope, for it 
is located in a hot steaming valley, 20 miles north of Kingston, where 
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cycads, screw pines, palms, orchids, figs, ebonies, the gorgeous A mherstia, 
and many other tropical trees grow luxuriantly. 

All in all, Jamaica probably offers the botanist as great a variety of 
tropical conditions within a day’s walk of Cinchona and a day’s drive 
from Kingston as can be found anywhere in an area of this size. It is 
evident that the opportunities for the study of many kinds of botanical 
problems are abundant at Cinchona, Hope, and Castleton. In fact, 
there are many botanical problems of prime importance which can be 
studied only in such environments." 

Any American botanist wishing to work at Cinchona may be granted 
this privilege by the Cinchona committee, consisting of N. L. Britton, 
J. M. Courter, and D. S. Jounson. Inquiries for this privilege and 
for information regarding the conditions under which it may be granted 
should be sent to the writer—D. S. Jounson, Johns Hopkins Univer- 
sity, Baltimore, Md. 


CHROMOSOME NUMBER IN THE SEQUOIAS 


For some years we have been concerned with cytological studies 
in the genus Sequoia. In particular a review of the evidence presented 
by Lawson? on the life history of S. sempervirens has been attempted. 
That considerable interest attaches to this genus is obvious, and certainly 
the information available in regard to the life history of S. gigantea is 
meager. The present note is intended primarily to call attention to 
certain points which have been indicated in our preliminary studies. 

LAWSON reports that, in his material collected at Stanford Uni- 
versity, California, the pollen grains are formed during the second or 
third week of December, and that the pollen is shed during the first 
week of January.’ In our experience, extending over some three years, 
the pollen is often mature in September and rarely is it found on the 
tree after November. Our observations have been made on trees of 
the same size growing in three different localities: Berkeley, Redwood 
Peak, and Mill Valley, California. There is great variation in the 
time of pollen shedding. Two trees standing side by side may show 
a difference of two weeks to a month in the occurrence of this phenome- 

* For further details see Science 43:917. 1916, and Popular Science Monthly, 
January, 1915. 

2 Lawson, A. A., The gametophytes, archegonia, fertilization, and embryo of 
Sequoia sempervirens. Ann. Botany 18:1-28. 1904. 


3 Suaw, W. R., Contribution to the life history of Sequoia sempervirens. Bot. 
GAZ. 21:332-339. 1896. 
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non, and in any two consecutive seasons an individual tree may shed 
pollen on dates separated by a corresponding interval of time. In the 
same way it has been found impossible to predict with any degree of 
accuracy the time of occurrence of any of the significant stages in matura- 
tion, and this fact has rendered more difficult the determination of 
chromosome number in S. sempervirens. Numerous efforts so far 
have failed to discover the reduction divisions in the microspore mother 
cells. 

As to chromosome number in S. sempervirens, LAWSON remarks 
that “‘as near as could be estimated, there are 16 chromosomes in the 
gametophyte and 32 in the sporophyte.” In recent tabulations of 
chromosome numbers in plant species, 45 gymnosperms are listed. 
All but 12 of these have x 12, and 2x 24, and of these 12 (x 16 and 2x 32) 
a number are listed as doubtful. On this basis perhaps there might 
be legitimate ground to question LAwson’s count. In sections of 
root tips of S. sempervirens we have made counts which only in rare 
instances confirm LAwson’s report. The difficulties are great in such 
material, however. In corresponding and more favorable material of 
S. gigantea, we have uniformly counted from 21 to 24 chromosomes, 
but never a greater number. 

With these facts in mind, the following possibilities present them- 
selves. First, if LAwson’s count is correct for S. sempervirens and if 
our count is correct for S. gigantea, the two species have different chromo- 
some numbers. Second, if our suspicion of LAwson’s count in S. sem per- 
virens is valid and if our count in S. gigantea is correct, both species 
have « 12 and 2x 24. The third possibility involves an inaccuracy in 
our count of S. gigantea and chromosome numbers 16 and 32 for both 
species. In our opinion the second possibility is the only one which 
merits serious consideration. It seems worth while, however, to present 
the whole situation, since the other possibilities cannot wholly be left 
out of account with the data at hand. Further studies will involve 
an investigation of the life history of S. gigantea and the obtaining of 
a final conclusion as to chromosome number in S. sempervirens.—T. H. 
GoopsPEED and M. P. CRANE, University of California. 




































CURRENT LITERATURE 


BOOK REVIEWS 
Ecology of tide lands 


There is no place more suitable for the study of dynamic ecology than in 
areas swept over by the tides, and there is no one better able to write on the 
problems of such areas than Professor OLIvER.'' For years he and his stu- 
dents have attacked seashore problems, first on the coast of Brittany, and 
more recently on the coast of Norfolk. The Bouche d’Erquy and Blakeney 
are household words to all students of shore ecology. The main results of 
OLIvER’s studies are now incorporated in book form, and, quite in the spirit of 
the time, he has become associated with an engineer, who presents the practical 
application of ecological principles to engineering problems along shore; the 
result is a masterpiece of applied ecology. 

The first chapters deal with tide and current data, the tidal compart- 
ments of rivers, and the foreshore. That the problem is one of no mean 
importance is shown by the fact that in the British Isles there are 8000 miles 
of shore line and 11,000 miles of river front at high water; and there are 
1250 square miles of area between tides. OLIVER’s greatest contribution is 
in chapters iv—vii, which deal with the function of vegetation, sand dunes 
and their fixation, and shingle beaches and their fixation. The fundamental 
importance of plants in the stabilization of shore lines has been inadequately 
realized by engineers, although sporadic and often ineffectual planting of sand 
dunes has been more or less indulged in for a century. A perusal of this work 
makes it clear that ecology must form a large part of the education of an 
engineer who really wishes to get at the foundations of shore problems. So 
far as dunes are concerned, Britain’s problem is not as great as that of Gascony 
and other continental tracts. The most satisfactory plant for dune fixation 
is Psamma (Ammophila), although Elymus arenarius, Carex arenaria, and 
other species may also be used. Even lichens and mosses have a fixative 
value. The chief factor in dune fixation lies in the development of an effec- 
tive foredune. 

One of the striking features of British shores is the shingle beach, where 
cobblestones are piled up by vigorous wave movement. At Dungeness the 
shingle covers 10,000 acres. At Blakeney on the Norfolk coast the shingle is 
piled up to a height of 10 feet above high water, and at Chesil on the Atlantic 
shore, the height is 30 feet. Shingle is kept mobile (1) by wave impact and 


: Carey, A. E., and OLtver, F. W., Tidal lands; a study of shore problems. 
8vo. pp. 284. pls. 29. figs. 54. London: Blackie & Son. 1918. 
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throw, resulting in a talus or fan on the lee side, (2) by percolation, especially 
where there is large tidal difference, or (3) by stream scour on the lee side. 
Suaeda fruticosa is able to colonize upward growing shingle, quite as Psamma 
may colonize an upward growing dune; Suwaeda is an especially good pioneer, 
because of its halophytic proclivities. Later stages, as shingle growth 
- decreases, are characterized by mat plants such as Silene maritima and Con- 
volvulus Soldanella. A plant of the latter increased in area within four years 
from 9 to 525 square feet. 

An interesting chapter deals with the reclamation of salt marshes. It 
is OLIVER’s view that a marsh would not fill alone by silting, by reason of alter- 
nate filling and cutting. Reclamation may be brought about naturally by 
coastal elevation or by the building up of a barrier dune, or it may be brought 
about by artificial agencies. A remarkably effective plant reclaimer of halo- 
phytic shores is Spartina Townsendii,‘a supposed natural hybrid of S. stricta 
and S. alterniflora. This species was first noted at Southampton in 1870, and 
now covers thousands of acres. In 1895 it appeared at Bayonne, on the 
Bay of Biscay. It is interesting to note that these two areas are the 
only ones known where the areas of the supposed parent species overlap. 
—H. C. Cow es. 


NOTES FOR STUDENTS 


Root systems.—Since the notable work of CANNON in 1911 on the roots of 
desert plants, nothing has contributed so much to our knowledge of subter- 
ranean plant organs as the recent publication by WEAVER? in which he has 
described the root systems of some 140 species of shrubs and herbs from the 
prairies of Nebraska and Washington, the plains and sand hills of Colorado, 
and some gravel slide and forest communities of the Rocky Mountains of 
Colorado. For each of the habitats under investigation many data regarding 
such environmental conditions as rainfall, evaporation, and soil moisture are 
given. These data and the abundance of illustrative drawings and photo- 
graphs of excavated root systems are among the most valuable features of the 
report. 

In the Nebraska prairie there is a striking individuality in the root sys- 
tems, and a grouping of the roots into more or less definite absorbing layers, 
thus reducing competition and permitting the growth of a larger number of 
species. The deeper rooted species comprise 55 per cent of the 33 species 
examined, and extend beyond a depth of 5 feet, some reaching as much as 
20 feet below the surface, many of them having few or no absorbing roots in 
the first few feet of soil. The majority of the deeply rooted species are dicoty- 
ledons; but it is notable that the group also includes three dominant grasses, 
Panicum virgatum, Andropogon furcatus, atid Agropyron repens. In contrast 


2 WEAVER, J. E., The ecological relations of roots. Carnegie Inst. Wash. Publ. 
286. pp. vii+128. pls. 33. figs. 58. 1919. 
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with this group, all plants with roots confined to the upper 2 feet of the soil 
are grasses, and include such species as Koeleria cristata, Stipa spartea, Elymus 
canadensis, and Distichlis spicata. 

Such root systems are to be related to the deep, mellow, loess soil with high 
water-holding capacity and moist subsoil. Here the data of WEAVER cor- 
respond well with those of ALway3 for moisture conditions, although the - 
former finds a much deeper root development than that assumed by the 
latter. In the upper 4 or 5 feet there is usually at midsummer a reduction of 
the water supply to a point below the wilting coefficient, these data cor- 
responding with those of the reviewer for the grasslands of the Chicago region.‘ 

The climatic conditions of the prairies of soytheastern Washington are 
shown to be more severe than those of Nebraska, not only because of a smaller 
annual precipitation, but also because only one-third of this rainfall comes 
during the growing season. As a part of the response, the early flowering 
grasses predominate, and many of these, such as Koeleria cristata, Poa Sand- 
bergi, and Festuca ovina have their roots confined to the upper 18 inches of 
soil. There remain, however, some grasses and many dicotyledons that are 
decidedly deep rooted. 

Some data also are given for a “chaparral” community transitional from 
the prairie to the forest, and dominated by species of Symphoricarpos, Rhus, 
Corylus, and Rosa. The designation is unfortunate, for the best usage would 
limit the term “chaparral” to an evergreen scrub like that occurring on the 
Pacific Coast of California. 

In comparison with the root systems of the prairies, those of the plains are 
characterized by a larger percentage of moderately deep rooted species, fewer 
very deeply rooted plants, and by a more extensive system of surface absorb- 
ing and wide spreading laterals. SHANTZS reported that at Akron, Colorado, 
almost the entire root system of all the grasses is limited to the 18 surface 
inches. The conditions are evidently different near Colorado Springs, for 
there WEAVER reports one grass only, Koeleria cristata, with roots confined 
to the surface 2 feet. Grouping into layers is again evident; the most dis- 
tinctive feature of the plains species, in addition to spreading laterals, is the 
moderate penetration of the deep rooted species. This is doubtless due, as 
indicated by both WEAVER and Atway (loc. cit.), to the comparative impene- 
trability of the extremely dry subsoil. 

The sand hill community exhibits in a still more striking manner the 
development of a profusion of widely spreading laterals in the upper 2 or 











3 Atway, F. J., e al., Relation of minimum moisture content of subsoil of 
prairies to hygroscopic coefficient. Bot. Gaz. 67:185-207. 1919. 







4 Bot. Gaz. 58:193-234. 1914. 

5 SHANTZ, H. L., Natural vegetation as an indicator of the capabilities of land for 
crop production in the great plains area. U.S. Dept. Agric., Bur. Pl. Ind. Bull. 201. 
pp. 100. pls. 6. figs. 23. 191. 
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3 feet of soil. This is true even of the deep rooted species, and is doubtless 
to be related to distribution of soil moisture. It is notable that Marx er 
found a similarly abundant development of even more superficial laterals in 
the very arid conditions in New Mexico. MARKLE also described and figured 
a considerable variety of systems, and found rather definite layers of penetra- 
tion lessening competition for the scarce water supply. 

In the succession from the gravel slide with coarse soil to the forest rich in 
humus, the Colorado Rocky Mountains afford an interesting series. WEAVER 
finds decidedly superficial systems, both in the very sparsely populated gravel 
and in the undergrowth of the forest, with the moisture distribution the con- 
trolling factor in each case. The intermediate half gravel slide, with its sur- 
face more than half occupied with plants, curiously enough has more deeply 
rooted plants than the associations preceding or succeeding it. 

A comparison of species occurring in two or more different habitats shows 
that of 10 species examined, 7 exhibit changes in root habit in response to the 
changed environment, while 3 remain quite constant. Such studies of the 
response of root systems to environment have attracted the attention of other 
workers. WATERMAN? finds roots developing under dune conditions some- 
what responsive to organic remains in the sand, although usually adhering 
rigidly to their specific inherited form. Such rigidity was found by PuLiinc® 
in the shallow root systems of Picea mariana, Larix laricina, and Betula alba 
papyrifera, as well as in the more deeply rooted Pinus Strobus and P. Banksiana; 
while both the shallow rooted Picea canadensis and the deep rooted Populus 
balsamifera exhibited considerable plasticity. 

CANNON? believes that the roots of deeper penetration are less responsive 
to changes in aeration and temperature than those of more superficial habit, 
basing his conclusion upon the study of Pistacia atlantica and Prosopis 
velutina of the former class, and Opuntia versicolor and O. discata of the 
latter class. The individuality of such responses is further shown by the 
studies of CANNON and FREE,” proving that while certain plants like Opuntia 
stop root growth with a soil atmosphere of 50 to 75 per cent carbon dioxide, 
others, like Prosopis, continue growth as long as 2 per cent of oxygen is 

© MaRKLE, M. S., Root systems of certain desert plants. Bot. Gaz. 64:177-205. 
Sigs.433. 1917. 

7 WATERMAN, W. G., Development of root systems under dune conditions. 
Bor. Gaz. 68:22-53. figs. 17. 1919. 

8 PuLLinG, H. E., Root habit and plant distribution in the far north. Plant 
World 21: 223-233. fig. r. 1918. 

9 Cannon, W. A., Modifications of root habits by experimental means. Carnegie 
Inst. Wash. Yearbook 17:83-85. 1919. 

1 CANNON, W. A., and FREE, E. E., The ecological significance of soil aeration. 
Science N.S. 45:178-180. 1917. 
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present. They also showed that while the roots of Coleus blumei and Helio- 
tropium peruvianum show injury in 3 days by an addition of 25 per cent 
nitrogen to the soil atmosphere, Nerium oleander is unharmed by 50 per cent 
of nitrogen, and the roots of Salix (nigra?) grow freely in pure nitrogen. Simi- 
lar results were obtained by the use of helium instead of nitrogen as a di- 
luting gas. 

More recently BERGMAN” has found similar differences of response in the 
roots of land and swamp plants, the dead roots in the former often being 
replaced by others near the surface of the water, showing lack of aeration to be 
one of the most important factors involved. Several experiments serve to give 
emphasis to this fact. He found that land plants with submerged roots soon 
show pronounced wilting, the wilting being less marked when the submergence 
is in aerated water, and a reduction in transpiration preceding wilting. This 
is taken to indicate that absorption is reduced below the amount demanded 
by transpiration. When aeration is provided, the use of swamp water for 
submergence or watering gives no other harmful results than those obtained 
by the use of tap water or nutrient solutions. The oxygen content of swamp 
water in nature was found to be large in the open lakes examined, but to show 
decided decrease through the Carex stages to the Chamaedaphne-Andromeda 
and Larix-Picea stages. This leads to the conclusion that the mingling of 
hydrophytes, mesophtyes, and xerophytes in swamps is due to local differ- 
ences in habitat, such as water level and aeration, affecting the rate of absorp- 
tion and its ratio to transpiration; hence ecesis in swamps can occur only 
when the oxygen requirements of the species are satisfied. 

These citations show that considerable descriptive matter has added 
materially to our knowledge of root systems, and that the few physiological 
investigations of these organs have pointed to wide diversity in the responses 
of individual species to changes in their environment.—GeEo. D. FULLER. 


Alpine vegetation of the central Andes.—HAUMAN” has recently described 
a scanty alpine vegetation found on the Andes between 31 and 37° south latitude, 
at elevations ranging from 2000 to 42,000 m. This region possesses many peaks 
above 6000 m. high, the highest and best known being Aconcagua, with an 
altitude of 7020 m. These mountains are snowcapped and possess a good 
development of glaciers, from which flow tortuous and variable streams, 
furnishing almost the entire water supply for the sparse vegetation, since the 
growing season in these mountains is almost entirely without rain. The 
temperature records are imperfect, but an important factor is the light frosts, 





1 Beroman, H. F., The relation of aeration to the growth and activity of roots 
and its influence on the ecesis of plants in swamps. Ann. Botany 34:13-33. fig. 3 
1920. : 

12 HAUMAN, LUCIEN, La végétation des hautes cordilléres de Mendoza (République 
Argentine). Anales Soc. Cien. Argentina 86:121-188. pls. 5-22. figs. 7. 1918. 
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which are common throughout the growing season. One station at 2700 m. 
gives an annual mean temperature 6.5, with a mean maximum of 13.4 and a 
mean minimum of 0.1°C. Humidity at all times is low, while wind velocity 
is decidedly high and constant. Precipitation as recorded at 2000 m. seems 
to be irregular and variable, the annual amounts ranging from 20 to 68 cm., 
occurring principally in the colder months in the form of snow. This deficiency 
of rainfall, combined with other factors, makes the vegetation not only very 
scanty, but limited to valleys and slopes which possess streams or seepage 
water from the glaciers and snowfields. In the absence of mountain lakes 
aquatic vegetation is scanty, and anything resembling mountain meadows is 
limited to the stream edges and small alluvial fans. Such grassy associations 
appear to resemble closely similar alpine areas elsewhere. Related to the 
alpine meadows are the “high Andean oases,” formed at 3200 to 3600 m., 
where at the foot of talus or morainal slopes some alluvial soil has accumulated. 
These oases vary in size, but rarely reach roo m. in diameter. They are often 
dominated by the juncaceous Andesia bisexualis 15 to 30 cm. high, forming a 
thick carpet. 

Trees are absent throughout, and even in the valleys the shrubs do not 
exceed 2m. in height. Adesmia pinifolia (a legume) is the most plentiful 
shrub; while among the others are Ephedra americana andina, Berberis empetri- 
folia, and Senecio uspallatensis. Opuntia andicola, the only cactus of the 
region, together with Azorella Gilliesit and Laretia acaulis, two umbellifers, 
form a curious trio of herbaceous cushion plants confined to the valleys. 

Upon the more exposed parts of the mountains there is a notable abundance 
of prostrate, tufted, rosette, and cushion plants, often with a striking develop- 
ment of large woody roots. These growth forms are accounted for as being 
a response to exposure to high winds and dependence upon a subterranean 
water supply. Upon the slopes Adesmia trijuga, with shrubby cushions 
30 cm. high, together with Poa chilensis and Stipa speciosa in tufts, dominate 
the area, forming scattered dots over the rocky landscape. Most abundant 
upon the summits between 3000 and 4000 m. are the subterranean woody 
cushions of Adesmia subterranea, whose leaves form a carpet upon the surface. 
Accompanying this species with similar growth forms are the more uncommon 
Verbena uniflora and Oxalis bryoides. 

The entire vascular flora consists of 417 species, including one pteridophyte, 
Cystopteris fragilis, and one gymnosperm, Ephedra. Among the richest 
families are Compositae with 85 species, Leguminosae with 36, Gramineae 
with 34, Cruciferae with 28, Portulacaceae with 15, Umbelliferae with 15, 
Rosaceae with 12, Cyperaceae with 12, Oxalidaceae with 10, and Violaceae 
and Caryophyllaceae with 9 species each. Large genera are Senecio with 
26 species, Adesmia with 16, Calandrinia with 15, Astragalus with 12, Oxalis 
with 10, and Viola with 9 species. The scarcity of the Saxifragaceae, with 
two rare species, and the entire absence of the Ericaceae and Primulaceae are 
worthy of note. Lichens, abundant at the lower altitudes, become very rare 
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above 2800 m.; mosses are common about springs up to 3600 m., but liver- 
worts are entirely lacking. More than one-half the species (210) are classed 
as belonging to the central Andes, 60 being endemic. There are no endemic 
genera, but notable among this group are such aggregates as 6 species of 
Adesmia, 2 of Boopis, 12 of Senecio, and 2 new varieties of Koeleria. The 
other elements are the northern tropical with 16 species, the subtropical with 
21 species, the basal Argentinian with 56 species, the southern Andean with 
Io species, the Patagonian with 73 species, and the cosmopolitan and intro- 
duced species numbering respectively 28 and 17. This introduced element 
must be regarded as small when it is recalled that the Mendoza River valley 
has been the trans-Andean route for centuries. 

Photographs and careful drawings of many of the interesting forms add 
much to the value of the report.—Geo. D. FuLLER. 


Crop centers.—A great service in unifying ecology and agriculture has 
recently been rendered by WALLER,% who has illustrated by well chosen 
examples the close relation that exists between crop and vegetation centers. 
TRANSEAU has shown how closely vegetation centers are indicated by a map 
showing the ratio of rainfall to evaporation, and WALLER now emphasizes the 
fact that corn, wheat, and similar crops show strikingly similar relations. It 
is often said that crops are moving west or north, which merely means for 
the most part that we are finding their range. For example, wheat was 
first cultivated away from its proper center, so that in the last 70 years the 
center of wheat cultivation has moved 700 miles west and 100 miles north. 
A fundamental difference between crops and native plants is that when the 
latter extend far beyond their range, it is chiefly in the poorest soil, since 
competition with plants proper to the district exclude them elsewhere. Crops 
grown at the edge of their range, however, must be grown in the best condi- 
tions available, and of course are exempt from competition. Special atten- 
tion is paid to corn, wheat, and cotton, and the maps showing their distribu- 
tion are very significant. Of course there are many complexities in working 
out the thesis. Economic considerations, such as problems of market and 
transportation, figure very largely. Considering its origin, the center of corn 
might be sought south; competition with cotton is thought to be the major 
factor here. The dominance of eastern Illinois in corn production, and of 
North Dakota in the production of spring wheat, are related to edaphic fac- 
tors; in each case there is rich prairie soil—H. C. Cow Les. 


Increasing catalase activity in yeast cells—EULER and BLIx™ have deter- 
mined the effect of various conditions and reagents upon the catalase activity 





3 WALLER, A. E., Crop centers of the United States. Jour. Amer. Soc. Agron. 
10:49-83. figs. 8. 1918. 

™4 EuLER, H. V., and Birx, R., Verstirkung der Katalasewirkung in Hefezellen. 
Hoppe-Seyler Zeit. Physiol. Chem. 105:83-114. 1919. 
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of yeast cells. When possible they used the potassium permanganate titra- 
tion method for determining catalase activity. In cases where additions of 
thymol, glucose, etc., rendered the permanganate method inaccurate, the 
volumetric method was used. They used mainly their cultures of distillery 
top yeast $.B. II. Some experiments were run with brewery bottom yeast. 
They agree with PHRAGMEN’s findings that yeast splits dilute solutions of 
hydrogen peroxide without secreting a soluble enzyme into the bathing fluid. 
The reaction is one of the first order. The reaction constant increases in 
proportion to the amount pf yeast. Small amounts of protoplasmic poisons 
(toluol or chloroform) raise the catalase activity of these cells 6-fold. When 
cells were dried in the air or otherwise without injuring them, the catalase 
activity rose 10-15-fold. When emulsions of the yeast were heated o. 5-2 
hours at 55-63° C., the catalase activity rose 20-30-fold. The activation by 
heating is greatly influenced by reagents in the emulsion at the time of heat- 
ing. Similar activation of catalase has been demonstrated in a number of 
other micro-organisms. The catalase activity of yeast can be raised by 
previous treatment with sugar solutions. This increased catalase activity is 
not due to increased permeability of the cells to catalase, but is an activation 
within the living cells. The reaction constant is not a measure for the catalase 
content of the cells—Wa. CROCKER. 


Parasitism.—HAwWkINsS and HARVEY'S have made an interesting study of 
the nature of the resistance of White McCormick tubers to the tuber rot 
caused by Pythium debaryanum Hesse. The White McCormick is very 
resistant to the disease, while Bliss, Triumph, and Green Mountain are very 
susceptible. From their experiments they think it probable that the fungus 
enters the cells of the potato by mechanical puncture of the cell walls and not 
by enzyme action. The McCormick is less susceptible to the disease than 
the other varieties, because its cell walls are more resistant to this mechanical 
puncture. Determinations of the pressure required to puncture the cell 
walls give much higher results for the McCormick than for the susceptible 
varieties. The rate of growth of the fungus is much slower in the McCormick. 
Correlated with the greater resistance of the McCormick is a higher crude 
fiber content. If its osmotic pressure is to be considered the force available 
to the fungus for this mechanical puncture of the cell walls, then the cases of 
resistance of the potatoes used in the experiments would be explained, with 
three exceptions.—S. V. Eaton. 


Correlations.—CHILD and BELLAMY” have done a very interesting piece 
of work on correlations in plants. They can break up correlation effects by 





1s Hawkins, L. A., and Harvey, R. B., Physiological study of the parasitism of 
Pythium debaryanum Hesse on the potato tuber. Jour. Agric. Res. 18:275-297. 
pls. 35-37. figs. 2. 19109. 

6 CuiLp, C. M., and BELtamy, A. W., Physiological isolation by low temperature 
in Bryophyllum and other plants. Science 50:362-365. 1910. 
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cooling 2-3 cm. zones of petioles and stems to a temperature of 2.5-3° C. In 
Bryophyllum, when such zones of the petiole are cooled, the broken correlation 
is manifested by development, not only in the notches of the leaf treated, but 
by development in the notches of the opposite leaf, as well as leaves both up 
and down the stem. The effect extends farther in the basal direction than in 
the apical. This indicates marked complexity in the correlation inhibitive 
effects. In Phaseolus the axial buds below the cooled zone grew. In Saxifraga 
sarmentosa the runner tip could be thus isolated. All of these results favor 
McCatL.uwm’s view that correlative effects are brought about by conduction of 
stimuli, mainly inhibitory stimuli, and not by movements of materials.— 
Wa. CROCKER. 


Fermentation—EULER and SVANBERG” made a study of alcoholic fer- 
mentation in an alkaline medium in which P=8. Top yeast and Torula gave 
about equal weights of carbon dioxide and alcohol, each equal to 30-33d of 
the weight of the sugar fermented. Glucose, fructose, and invert sugar were 
fermented with about equal speed, mannose about 30 per cent as fast, and 
galactose very slowly. Invertase is active in this medium and maltase inactive. 
The following are the maximum alkalinities in which cell division occurs in 
the various yeasts: Frohberg Unterhefe B., Pa=7.7-8; Brennerei Oberhefe 
S.B. II, Pr=7.3-8.4; Sacch. ellipsoideus, Pa=7.9; Pseudosacch. apiculatus, 
Pu=7.6. Increase in weight occurred in S.B. up to Pa=8.5. For Frohberg 
Unterhefe H the full curve of acid sensitivity was worked out and the 
optimum was found to be at Pa=5.—Wm. CROCKER. 


Exudation of water by leaves.——Miss Fioop" has recently investigated 
the exudation of extremely pure water by the leaf tips of Colocasia antiquorum. 
Examination of sections of leaf tips showed no membrane, or other structure 
which might act as a filter, between the vascular system of the leaf blade and 
the pores leading to the tip. Solutions of India ink, gelatine, and starch 
were forced through the vascular system and exuded at the tips. Exudation 
from leaves attached to the plant continued at the normal rate when leaf tips 
were anaesthetized. Miss Foon is of the opinion that cells lower down in 
the plant are responsible for the secretion and filtration of water, but finds no 
evidence for the existence of such cells except in the root.—J. M. ARTHUR. 


Colorado grasslands.—Reviewing the investigations of the grasslands of 
Colorado by himself and others, RAMALEY” enumerates all the associations 


1 EuLer, H., and SvANBERG, O., Enzymatische Studien iiber Zuckerspaltungen. 
Hoppe-Seyler Zeit. Physiol. Chem. 105:187—239. 1919. 

% FLoop, MARGARET G., Exudation of water by Colocasia antiquorum. Proc. 
Roy. Dublin Soc. (N.S.) 15: pls. 2. 1919. 

19 RAMALEY, FRANCIS, Xerophytic grasslands at different altitudes in Colorado. 
Bull. Torr. Bot. Club 46:37-52. figs. 2. 1919. 
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that have been described. He also gives a brief synopsis of the factors most 
prominent in the control of such vegetation, and some of the more important 
floristic differences which characterize the grasslands at different altitudes. A 
notable reduction of species is manifest with increase of altitude, the estimate 
running from 160 species for the mesas, 139 for the foothills, and 107 for the 
montane, to 50 for the subalpine. A systematic list of species is given with 
indications of their occurrence at different altitudes. The whole, including the 
bibliography, forms a most useful contribution, summarizing the present state 
of our knowledge of these plant communities.—GEo. D. FULLER. 


Biology of Fomes.—WHITE” has made a comprehensive study of the 
widely distributed Fomes applanatus, and finds that it attacks practically all 
deciduous trees and several conifers, causing the destruction of large quantities 
of wood annually. It produces basidiospores only, which are not of. the 
ordinary type, being ‘‘yellow, papillate, thick-walled chlamydospores within a 
thin hyaline wall.”’ Spore discharge is enormous and continues for a longer 
period than recorded for any other fungus, being continuous day and night 
for about 6 months. There was no difficulty in making artificial cultures, 
and the appearance of the rotted wood makes it possible to distinguish the 
attack of this fungus from that of any other form. The histological and 
chemical details of the attack are fully described.—J. M. C. 


Ecology of fungi.—Studying the influence of altitude upon parasitic fungi 
from collections made by Fracosco in Catalufia, Spain, and by himself in 
Barreges, DuFRENOY# found that the Pyrenees are not a barrier to the dis- 
semination of fungi, although there are certain differences between the fungus 
flora of the closely adjacent parts of France and Spain. He concludes that there 
are species peculiar to the plains and to the mountains, as well as those common 
to both habitats. The determining factor in altitudinal distribution seems to 
be neither humidity nor temperature, but radiation. The mountain species 
are either more highly colored or are found on more highly colored hosts. He 
was unable to determine any effect of altitude upon the resistance of the 
host.—GeEo. D. FULLER. 


Pennsylvania trees.—The fact that within 5 years ILLICK’s*” tree manual 
has reached its third edition is a striking testimony to its excellence. The 
first part of the volume is devoted to a general discussion of forests, their 
structure, development, care, and value receiving careful consideration, and 


2 Wuite, J. H., On the biology of Fomes applanatus (Pers.) Wallr. Trans. Roy. 
Can. Inst. Toronto 1919: 133-174. pls. 2-7. 
2t DUFRENOY, J., Les conditions écologiques du développement des champignons 
parasites. Etude de géographic botanique. Bull. Soc. Mycol. France 348-26. 1918. 
22 Tr1Ick, J. S., Pennsylvania trees. 3d ed. pp. 235. pls. 1-129. figs. 120. Harris- 
burg: Dept. Forestry Penn. Bull. 11: 1919. 
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is illustrated by many very appropriate photographs. The form and structure 
of trees are also carefully considered. The second part is devoted to a manual 
of the trees of the state, and is well equipped with keys, glossary, and illus- 
trative drawings. A noticeable feature of the illustrations of the individual 
species is the drawing of the buds on a large scale. It is safe to say that it 
will take a first rank among the numerous tree manuals now available-—GEo. 
D. FULLER. 


Montane plants of the Rocky Mountains.—RYDBERG,? in continuing his 
studies of the flora of the Rocky Mountains, has added to the articles already 
noted in this journal*4 an investigation of the distribution of the montane 
species. He finds about 1900 species in this zone, of which one-half are to be 
regarded as typical inhabitants of this area. Less than 15 per cent are trans- 
continental, while 53 per cent are endemic. A close analysis is made of the 
constituents of the flora peculiar to the northern and southern portions of the 
region as contrasted with that common to both.—Geo. D. FULLER. 


Sedge associations in Colorado.—In studying the sedges of northern 
Colorado, RAMALEY* shows that the genus Carex not only is of decided impor- 
tance, but that species of this genus dominate many plant associations, particu- 
larly in the montane, subalpine, and alpine regions. These associations are 
either hydrophytic or xerophytic in character, and represent early stages in 
succession, for as mesophytism is approached the sedges are replaced by 
grasses and dicotyledons. The principal associations involved are briefly 


described and their sedge components noted. Of the 44 species of Carex 
listed, 20 are classed as hydrophytic, 15 as xerophytic, and 9 only as meso- 
phytic.—GEo. D. FULLER. 


New African plants.—ENGLER in continuation of his studies of the 
African flora, has described 45 new species of Sterculiaceae, 40 of which belong 
to Hermannia, 29 new species of Guttiferae, and 3 new species of Violaceae 
(belonging to Hybanthus).—J. M. C. 


A new genus of Umbelliferae—THELLUNG” has described a new genus 
(Scandicium) of Umbelliferae from the Mediterranean steppe region and 
Western Asia, based on Scandix stellata Solander. In addition to the species, 
numerous varieties are described.—J. M. C. 


23 RYDBERG, P. A., Phytogeographical notes on the Rocky Mountain region. 
VIII. Distribution of the montane plants. Bull. Torr. Bot. Club 46: 295-327. 1919. 

24 Bot. GAz. 62:83-84. 1916; 63:423-424. 1917; 65:195. 1918. 

2s RAMALEY, Francis, The réle of sedges in some Colorado plant communities. 
Amer. Jour. Bot. 6:120-130. fig. 2. 1919. 

ENGLER, A., Beitrage zur Flora von Afrika. XLVII. Bot. Jahrb. 55:350-400. 
1919. 

27 THELLUNG, A., Scandicium, ein neues Umbelliferen-Genus. Sonderabdruck 
aus Fedde, Repertorium 16:15-22. 19109. 





